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PREFACE 


This book has been preparedifor the stj^den^of chemistry 
who has received ^fair grounding in that science together* 
with the correlated sut)j&ts of physics and mathematics. 

Chemistry iS one of the most interesting and educative 
of the sciences, and probably stllnds alone in that it is 
practical in the true sense of the word, for ma:^ the 
operations carried out in the school laboratory are iden- 
tical in method with, and on the same scale as, similar 
operations in industry. 

Previous to the war, except in the our great 

colleges, chemistry had been almost completely banned 
from the curriculum, owing mainly to the travesty of the 
subject that was taught for the purposes of parsing stupid 
examinations set by charl^an educationists. Although 
the evil they did still lives, there are not waiting signs of 
a new and healthy growth of interest in this umVersally, 
operating science. 

The author has to tfiiank the several manufactiirers for 
their ready assistance in the preparation of m^ch that is in 
the book, andvF. E. Palmer, Esq., for the execution and 
revision of various diagrams. 

By pointing out qrrors and suggesting improvemf6!R3^ 
those who know will be rendering a service^to those who 
are willing to lea^. 

A. F ALLEN. 

1, Elm Court, 

The 

London, E.C. 4. 

April, 1920. 




INTRODUCTION^ 


The student of cnenffstry realizes very* early. in his» 
career that he cannof irftkc good progress in his subject 
without sperwling a ^considerable amount of time in the 
laboratory, doing practical work. ^ A retentive memory 
may serve to carry a student through a so -galled 
theoretical examination, but witliout practical experience 
in laboratory work his value as a chemist is nil, and there 
is no use for him in the industrial world when his student 
days have ended. 

In the years before thg war the outlook for a trained 
chfemist was not a rosy one, and responsible positions 
were few and far between, but now it may 4fe said that 
the demand exceeds thob supply. The value of thff 
chemist has at last been, recognized, ai^l he is being 
called upon to fill most of the positions which iif the less 
scientific pre-war d^s were taken by the engineer. 
The t)^e of chemist demanded is one having certein 
amount of engineering training, arid it is a sign of the 
times that the various colleges and institu^ons through- 
out the country are taking in hand the^ question of 
providinj^^uitable courses in chemical engineering 

It will take some time before courses arcf standardized, 
and the student on the threshold of the industrial w^orld 
Hvill naturally look around^ for such guidance and in- 
formation as is available at^ the moment. 

The object of* this boote is tS serve as an introduction 
to chemical engineering^ by familiarizing the studefft 
with those types of macl^nes which a%e in ^n^al in 
tlie chemi(?al indftstry, •It must no^ be assumed that 
fhe machines put forward represent th#^ acme of perfectior 
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from the chemifi^^/s poitt of in many C5ases they 
fire th^ product of the e^neering mind pure and simple/ 
witii but scanty knowledge of the laws of chemistry ^d 
physics. 

The ipethodi^ of chemical indvs»try may be described 
roughly as the. methods of the laboratory modified 
so as to permit o^ operation^ on a large scale. 

Thespian df this book has b^an to take the various 
pieces of apparatus in common •asd in a chemical labora- 
tory and to describe their industrial counterparts. 

The series of operatiens involved in the quantitative 
analysis of a mineral afford a very convenient means of* 
calling fo mind the different types of apparatus in 
daily use by the chemist. These include the mortar 
and pestle for grinding, the beaker and stirring rod for 
dissolving and. mixing, the filtering apparatus for separat- 
ing solids and liquids, the evaporating basin for the 
recovery of soluble solids, the drying oven with its metWbd 
of tempcral/ire regulation for drying solids, the crucible 
and biuffle for high-temperahire work, the distillation 
apparatus forj the recovery ,of valuable solvents, the 
supply ef heat, and the provision of water and steam. 

Each of these groups has been^ treated separately in 
the following pages, and to them ha^ been added a*section 
oh Transport — a point of no account in a laboratory, 
but one of * considerable magnitude in ^he chemical 
industry. 
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INTRODUCTION A'O CHEmCAL 

engi.iVeering 

CHAPTER 1 • 

CRUSHING AND GRINDING MACHINERY 

Grinding is one of the most important operations in 
the industrial preparation of chemical pradiScts, because 
it facilitates the liandling of the raw matenaliand shortens 
the time required for any subsequent reaction, and for 
the*selfsame reason many chemical products have to be 
put on the market in the form of a powder or* paste 
In the selection of any jfarticular machine the nature 
of the initial material and* the result desired are the 
determining factors, but it is useful to remember that 
reduction by easy st^es is, in the long-run, the most 
economical of time and money. This fact has lor^ been 
recognized by makers of grinding iftachiney, with the 
result that there are on the market many types of 
machines designed to deal with all kinds and dbnditions of 
material, from the crushing of the hardest rocks to the* 
production of the finest powders. 

Jaw-Crusher. — ijhis machine is often • known as a 
^ nippej,” and is one of the synplest e^d cheapest crush- 
ing machines available.* Man^ forAs of jaw -crushers 
exist, but geifcrally it mSiy be said they are so designed^ 
that one part of the^maehirie is stationary, w\th a cor- 
rilgated face of chilled iron against whiSh woits 4 similar 
but mov%bld face or jaw,* with a V-shaped opening be- 
tween*. The movable platq is tiov|&d alternately forward 



2 INTRODUCTION t 6 CHEMICAL ENOIIfEERING 

dffid back by arf ecc<intrf« on tbi shaft. Tlfcso nippijrs, 
or jaw-crushers^' are made in different sizes, the rook 
opening varying from 12 by 6 inches to 36 by 48 inches ; 
they weigh anything up to 30 tops, and require from 
1 to 100 horse -po^er. These machines require a very 
solid foundation on account of the very great "Strain 
^during working. As a rule* a npthod of adjusting the 
working* parts, such as a screw pr similar device, is pro- 
vided, so that the machine can be set for the production 
of a rough or fine ju-oduct. 

The jaw-crusher wfll crush the hardest materials, and 
is v6ry largely employed for ore-crushing and in the 
gypsum industry; the rock is broken to somewhat less 
than tlie sizer ?f a man’s fist, or capable of passing a 2| -inch 
ring. The capa(v^,ty of a jaw -crusher, in tons per hour, and 
the power required vary with the condition of the rock, 
and as a rule dry rock, especially gypsum, is more eas-yly 
crushed than wet. 

^ Fig. 1 shows a popular size pf the “ 8tag ” ore-ernsher, 
manufactured by Edgar iVllen and Co., Ltd., Sh(‘ftield, 
to whiqh the ‘following details refer: Massive cast-iron 
body with easily renewable bearings. The Pitman is of 
cast iron of substantial design, wiMi renewable east-iron 
adjusta'ole bush foi; eccentric shaft, and is also fitted 
with renewaJble cast-steel toggles to receive tlie nose 
toggle plate^. The swing jaw is of cast iron, accurately 
l)ored and fitted to sh&ft, and fitted witli renewable cast- 
steel toggle Ratings. The jaw faces are of manganese 
steel, cored out a?t the back to reduce weight,* and spelter 
is run in to ensure a soft cushion for bedding on the swin^ 
jaw. The jaw fac^^s are rfadil;y accessible, and»can be 
reversed or renewed by ^n unskilled labourer. The side 
q)lates are of hard cast*iron, paade in one piece, and assist 
to Jiold yie /ixed j|,w face secure^ in. position. The toggle 
plates afe of hard cast iron, helfl in po|ition b^ the tension 
rod, which is fittefl with ii^dia -rubber buffers. The shafts 
are made from best hammered mild steel forgings, 
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accurately turned to gauge an*a pctlishe^ all ove^. Th§ 
flywheels arc of cast iron, bored to gauge, fitted and 
kbyed to the eccentric shaft, and turned to receive a 
flanged pulley. The*f^st pulleys are of cast iro^, flanged 



Fio. 1. — “*>T.tG” (flu>j.’iu:snKu. 

• 

apd bolted to either flywfiee], turned a«d crowned on the 
faije ; the loose pulleys oj wrought iro^ have a suitable 
bush of iJrass, and must revolvp at«a ra^te of not less than 
^60 to 280 revolutions mim^.^ Efyjh machine can 
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be regulated while runiiiilg to li^ak the majjerial to any 
special size, by means of oast-iron wedge blocks, 



output of all machines , being calculated for^ crushing 
limestone to pass a^ 23 ^-inch rin^. 


Fig. 2. — Stag ” Ore-Crusher : Section. 
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Fig. 2 is a sectional\illustrajbion of ^}fee breakers with 
cast-iron bodies, sizes 20 by 8 inches anc^ 20 by 10 inchea. 

» Crushing Bolls. — This type of machine is of Jieavy 
construction, and is designed for reducing the produce 
.of the jaw-crusher to feand. The essential part of these 
machines consists of two cylinders capable of being given 
an inward turning m<^tion Vherebyynateiyal as it is fed 
to them is carried alpn^ and crushm between them. 
a rule the bearings of one roller are rigidly fixed, whereas ‘ 
the bearings of tlie other roller are held in position 
by powerful springs, which not* only allow the rollers to 
be set at a definite distance apart — ^usually J inch or the 
size of the finished product — ^but also allow the rollers 
to give when any material is fed to the ^achine which 
it cannot crush without causing dama^ to the machine 
itself. Each roller is generally made ifp of an outer 
.shell of cast steel, chilled cast iron, manganese steel, 
or a steel forging, which is fixed to a centr| of cast iron 
in such a way that it can be easily removed and r^placejd 
when worn out. Owing to the hard wear on the rollers, 
they require to bo constantly trued-up, an operation 
which can be effected in the ordinary way or by the use 
of an gmcry wheel %n the rollers when in position. To 
diminish the amount of dust or smalls formed^ the sur- 
faces of the rollers are often flu1;ed, th<| pitch of the 
serrations being varied according to the product required^ 
In some cases the rollers are provided with teeth, when 
designed for cubing granite, limestone, macadam, etc., 
and will t&ke pieces up to 6 inches eube afid reduce them 
to 2 J inches cul^. 

To obtain a true crushing action tthe rollers should be 
driven at the same peripherqiJ speed, but in practice it 
is found tHht a small differen<Je in speed reduces tj^e 
amount of wear .very considerablv withojiit causing 
excessive grinding. Th8 speed of the roRs varies fron 
fOO to 4,000 feet per mfnute, accordhig to the degree oi 
fineftess required; the higher the spfted, the coarser the 
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jjroduct will be^/' The si^.e of th/’ feed to a large extent 
decidesrthe diarneter^of t*fie rolls, but in any case to get 
the best results from a machine the material to be treated 
should not bo more than four or five times as large as 
the product required. High speeds' can be best obtained 
when each roll is sViparately belt-driven, which method 
also allows a certain amount (^f slip to occur, thus avoiding 
excessive grinding ^\.the roll fac(f. Where the rolls are 
geared together both a lower sjfl^etf and lower efficiency 
are the result. The diameter of the rolls varies from 8 to 
36 inches, but a very (jpnfmon size in practice is 18 inches, 
and,,it is worth remarking again, it is better to reduce ‘ 
by st(>i)s than in one operation, for not only is the first 
cost often 1^, but also the running costs are most 
decidedly so.^ 

T]\g capacity (if the rolls depends to a gn'at extent 
upon the nature of tlie material to be crushed, and to a 
lesser amount upon tlie width of the rolls, which are made 
p to 42 indies, according to the diameter chosen; but 
the narrow roll has the advantjlge in that it can be run at 
much higher speeds, and for this and other reasons the 
12-inch i’oll is in common use. 

An impoi'tant factor in the efficiency and economy of 
ujDkecp ^f this machine is the provision of a m(?lhod of 
even feeding, ^so thatfjven wear on the faces of the rollers 
results. Crushing rolls are usually of heavy construction 
and made in 8.11 sizes, li^ving a cax>acity from 5 to 65 tons 
per hour and requiring from 5 to 100 horse-i>ower. 

Fig. 3 shoVvs tjie general arrangement of .high-speed 
crushing rolls made by Edgar Allen and Co., Ltd., 
Sheffield. ^ • 

The frame is in *one piec», cm which are cast two 
pedestals for receiving tKc l^^arings of thxt fixed roll. 
I'he bearings for the other roll ht^ve machined soles which 
slide in ()ovb-taile^A grooves anrl are held in position by 
powerful springs attached to forged 'steel tens^ion rods 
which pass through the bearings and frame. The rdil 




Fig. 3. — G.A. High-speed Crushing Rolls 
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..shells are madb'of fAst^steel cfl^manganese^steel, ancj are 
fitted "to cast-iton centres in such a way that the shell can 
be renewed easily when required. Each roll is fitted with 
a heavy cast-iron belt pulley which also acts as a flywheel. 

The following ^rticulars of ‘one size are given as a 
guide : Diameter of rolls, 18 inches ; width of rolls, 12'inches ; 
r.p.m. of rolls anc^^driving ‘pulleys, 100 to 200; diameter 
of driting pulleys,**36 inches ; ^width «of driving pulleys, 
6 inches; approximate h.p. required, 5 to 10; approxi- 



Fig. — Fmic Crit.siiing Holls, Type 5, Cla.ss 2. 

mate product per hour when rolls arc set J inch apart, 
4 to 8 tons. " 

Fig. 4 show^s a type of low-priced machine made by 
J. Harrison Carter, Ltd., Dunstable, to meet a .growing 
demand. 

These machines are constructed in a casf-iron sectional 
fr^me whi^h is protected from undue strains by relief 
springs behind the movable Roller. ,The renewable roll 
shells are rigidly 'Secured to the shafts by the 'improved 
sliding internal c’bne ^arrangement; the bearings %re of 
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swivpl type, instantly reriewed replaced, self -lubricat- 
ing, and are protected from dust or grit^ the rolls are 
direct driven, each roller by a separate belt. The hopper 
illustrated contains an automatic feeding device. 

.Fig. 5 shows a similat type of machine made*by the 
same firm, but having only one roller driven, the other 
roller following, an arrsyigombnt which is supplied when 
only a single drive is available. 



Fig. 5.— Fine Ciutsiiing Rolls, ^ype 5, Class 1. 


Fig.''6 shows a type of machine built by BlSir, Campbell 
and McLean, Glasgow, for sugar-cane worl^. 

This arrangement is suitable wher <4 sufficient motive 
power already exists and cah be transmitted to the mill 
conveniently “by belt. ^The^rollett3 are of special cast 
metal, having gudge<jns ^f mild steely running, ^in gun- 
metal bushes, con^und •spur gearing of special cast 
irofl, withfmild steel shaftfi* and the dri\*ing pulleys are of 
wrought iron for lightness. 
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Rotary Fine^ Crusher v-Thiif machine, known also, as a 
“cra(?ker,” is filmost universally used for reducing rocks 
of •moderate hardness, such as gypsum, limestone, 
graphite, etc. In its common form it resembles a coffee 
mill, being in shape like an hourglass and often provided 
with double doors, so that it can be opened up quite 
easily and the j)j^ts inspected In its simplest form a 
shaft ‘'TV’ith a corrnga ted -iron shoe revolves within a 
conical shell having a corrugated inner surface, and by 
means of an adjusting wJieel can be set w'lule the maoliine 



is running?' to givb a fine or coarse product as desired. 
The ordinary reduction is to fragments which will pass 
a IJ-inch rii.g. These rotary crushers weigh from 1 to 7 
tons, requiring from 1 to 35 horse-power, and having a 
capacity of from 2 to 30^ tons, the llirgcst sizes taking 
pieces up to 14 inches in diameter. 

Fig. 7 gives a section'al view of a rotarj^ crusher. 

Edge , Runner Mill. — This mill, also known as a 
‘^^chas^r,”^ is paVticularly usLcful for dealing with sub- 
stances such as» clay, putty, drugs, chalk J^eeds, «tc., 
where a very fine reduction is not reoiiired. It is Ulsn 
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largely used for mixing mortar, fpr mixii^ loams for 
use in *the founcfry, and for grinding materials which'»are 
not of a very hard nature. 



Flg. 7. — Rotary Crui^iieri J 


The mill is ctwistructcd ’with a steel or stone bed on 
which roll two or more hea'^ rMlers of cast iron or stone, 
known as edge runners or travellers, the wl/)le'being 
contfifined \i^ a^pan provideck with a suitable discharging 
arrangement. In some cases tin? paTi is idriven and the 
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rolls rotate of t^emof^lves, sand in other cases the drive 
is to the rolls themselves, but in all cases an arm is pro- 
vided carrying a scraper which travels just in front pf the 
rolls, and which brings the material into the track of the 
rollers. * 

As a general rule this machine is used for dealing with 
batches of material nec6ssita^ing frequent charging and 
discLarging ; but if required for continuous service, grates 



Fig. 8. — Iron Edge Runner Mill. 


are provided under the rolls having a definite mesh, 
according to the natures of the material deal with, and 
the ground material i^ gradually forced through the open- 
ings into the stationary pan beneath. 'In some classes 
,^of work^ the rolls are supported at a definite distance 
above the surface of the pihi, so l-hat a certain deplih of 
material is nedessary before crushing takes pfece. 

Fig. 8 shows’^a “ Standard iron edge runner Aill made 
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)y Follows and Bates, Ltd., MancliQster^ which is suitable 
:or pulverizing a great variety of materials,* wet or dry, 
)r in oil or water, etc. It is strong, durable, and designed 
jO deal with small requirements. In order to ensure 
^ood work, the pan and runners are turned dead* true 
m. the faces, and the guides and scrapers are specially 
designed so as to bring th# whdle of the^ materials whilst 
being crushed directly ijnder the traefl^ of the ruBners, 



Fig. 9. — Granite Edge IIunner IMill. 


When the grinding operation has been completed, the 
contents of the pan are quickly and automatically dis- 
charged by simply turning th« handwht^l shown in front. 

Fig. 9 shows^a granite* edge runner mill suitable for 
grinding and mixing ervstak, jpowders, pastes, drugs, etc., 
either wet or dry, and is made by the %ame ^rnf. Thb 
object sought has been to produce a mill|)hat will operate 
upoli materials in the most effeettve manner without their 
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coming in cdhtacj with ironn To this end the solid bed 
and'runners are made of hard, close-grained grey granite, 
having surfaces perfectly dressed and dead true. The 
hopper in which the runners rotate is built up of hard 
sycamore sections, neatly tongued, grooved, and riveted 
together in such a manner as to prevent shrinkage .or 
leakage and to bp as absotutelyoclean as the granite itself. 
The vcrapers that clear the rynners and the scrapers 
which are plough -shaped and revolve with the cross-head 
are of lignum vitae and keep the bed cleat, causing all the 
materials being gi*®und to pass into and under the track 
of the runners, which possess a rolling as well as a grinding 
action, thereby, in a short time, reducing the contents 
of the hopnj^ to one uniform and smooth consistency. 

Fig. 10 sn^s a type of overhead driven mill with re- 
volving paft, having a perforated bottom with a stationary 
pan underneath. These mills are specially suitable for 
pulverizing all kinds of dry materials, such as ashes, 
lime, gypsum, plaster of Paris, silica, sandstone, bricks 
for making cement, fireclay, coke, etc., and are provided 
with a set df grates having a mesh down to inch. 

These mills weigh from 3 to 11 tons, requiring from 
3 to 20 horse power, and have a Capacity of fre^n 8 to 100 
ewt. ’^if ordinary ljurnt limestone per hour. 

Disinte^'ators. — These machines, also known as pul- 
verizing mills, arc especially adapted for di^aling with 
substances of a lumpy nature which arc neither hard nor 
gritty, such as gyiisum, dry colours, sulphur, borax, 
starch, bones, etc. The essential features of these 
machines are as follows: Two circular-plates, mounted on 
a horizontal ax'^s, revolve concentrically in 'opposite 
directions; each platens fitted with one or more circles 
of short iron bars, rigidlyt fixed at right angles, and so 
serran^d that fhey interlock with those of the o^her 
plate, ‘ thus forming a circular cage*’ made, up of two or 
more concentric circles of short rods. ^ ^ u 

The material is fed into the centre of the cage, and . 
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drops ^own upon the first s^t of Vars,,>vhi«h, travelling 
at high speed, beat the material to pieces, anil at the ^me 



time impart a centrifugal motion to it, forcing*it ttorougn 
the^l)ars oh to the second Set, which ari8 travelling at a 
high rrftti of speed in the opposite diitjction. By the 


Fig. 10. — Mills with Revolving Pan. 
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.time the material reaches the outer bars it has Jjeen 
reduced to a fine powder. 

TJie speed of the machine largely determines the fine- 
ness of the product, which is also to a lesser extent 
affected by the distance apart at which the bars are set. 
The peripheral speed of these machines often reaches 
20,00,0 feet per minute ; they a,T(} made in sizes up to 55 
inches ifi diameter, L'om 3,000 to Ip, 000 pounds in weight, 
requiring from 6 to 45 horse-power and having a capacity, 
which depends upon the degree of fineness sought and the 
nature of the material; of from 8 to 75 tons in ten hours. 

In addition to the usual disadvantages belonging to all 
high-speed machinery, it is obvious that these machines 
in running, ^end to generate a certain amount of heat, 
which in somovpases may become excessive, although the 
action of the beaters creates a strong air current, which 
exercises both a cooling and a drying action on the 
material being pulverized. 

These machines must be carefully fitted to a perfectly 
dust-tight receiving chamber provided with a proper 
means of di3chargo, and at the same time the strong 
current of dust-laden air must be filtered through gauze 
screens in a dust chamber or aUowcd to pass to dust 
bfilloqjis, which, being made of porous material, allow 
the air to,, escape and the dust to accumulate at the 
bottom, from which it can be discharged by means of a 
valve. 

It may be again noted that a better result is obtained 
by allowing thp machine to do its own screening and 
returning the coarser material to the centre of the 
machine. ^ 

Fig. 11 shows a type of disintegrator made by 
J. Harrison Carter, Ltd., Dunstable, to which the following 
details refer: The body of tl^e machine is of cast iron, 
the ingide of the circular grinding ^hamber being lifted 
with renewable ‘ chilled-iron sides to redheec the ^ear. 
The bottom half of the ‘circumference of this chamber is 
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formed by screens held in positions by adjustable screws. 
A strong spindle carried in self-lubricating bearing* runs 
through the centre of the grinding chamber and carries a 
cast iron and steel combined disc, which in turn holds a 
senes of from four to Six beaters, the tips of whteh run 
close to, the inner circumference of the grinding chamber, 
and, when running, cover the whole width of this 
chamber. 

The beaters are mainly* responsible for the grinding, 
being assisted ,»li()wevi‘r, to some considerable extent by 



Fig. 11. — Di.siNTEGit<vroR. 


the ratcheted sides and top of the machine.* The beaters 
are easily changed and are hardened tc^resist wear ; they 
can also be cheaply repaiVed*when wotn. 

The use of •screens oT Various • meshes enables the 
finished material to be gjound to any desired size, fine 
or hoarse, and also allows tie finished nfeiteiiaf to* escape 
at ©nee. <Thb mesfi of screens, varying as they may 
frofii inch and rising in gratlatjbns ®f inch, up to 
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a 3-inch mesluj.' enables the disintegrator to treat almost 
every, • article ^likely to"^ be ground, with r the following 
exceptions: Substances of a very gritty and cutting 
nature, such as hard quartz, hard limestone, cement 
clinker, flint, and similar materials, or those containing 
a large percentage of moisture, such as plastic clay. The 
screens and, to an extent, the speed regulate the degree of 
fineness to which any material is reduced; and these 
screens, being made in very varied hieshcs — ^viz., with from 
iV-inch to 3 -inch spaces— e^nablo: a grqat variety of 
materials to be ground and a largo number of grades 
produced. The grinding and discharging action is con- 
tinuous, and to obtain the full output from the machine 
the feed should also be continuous and even. The speed, 
to obtain vi. ^ best results, must be kept regular and 
maintained at the full value given for the machine. 

Many manufacturers object to the use of sifters to 
follow the grinding macliine; this is generally false 
economy, both as regards output and power. For 
example a No. 1| machine fitted with ,h-inch screens 
would grind about 4 cwt. per hour of sugar or similar 
material. 1.^he same machine fitted with a ,^,-inch 
screen would pass about 10 cwt.^per hour, fiO per cent, 
of which would bo as fine as tint passing the ,,h -^nch 
mesh screens. This 60 per cent, or 0 cwt. per hour would 
be taken out by the sifter, leaving the 40 per cent, of 
overtails b) go again to the disintegrate !• to bo further 
reduced, thus showing a gain of 2 cwt. par hour. The 
sifter and grinder should always be so connected that 
they work ai'tomatically, in order that there should be 
no additional cost for labour. Further, the material, 
to pass a disintegrator fitted with a ^v-inch screen, 
must be quite dry, \yhdreas a material c^^ntaining a fair 
percentage of moisture would readily pass a 
Screen .« 

Figs. 12 and (13 show sectional views of tl^is type of 
machine. 
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It js requisite for the efficient working ofcthese machines 
that a continuous current of air pass through them. 
This current of air, when the machine is properly fed, . 
enters ^ with the feed and alsp around the spindle at 
the centre of the oiachine, and continues to do so as long 
as the screens are clear. J'he air passes, in the ordinary 
working, with the^ground material thi’ough the screens 
into the box or stand, and becomes charged with dust, 
and as the action of the beaters somewhat fan-like a 
considerable air pressure is caused inside the box. This 
pressure, if not relieved, causes back pressure against the 
incoming material, and in consequence greatly lessens 
the grinding capacity, and also causes a greater con- 
sumption ol nower in driving. If air blows out of the 
centre, it if\ gfenerally an indication of back pressure or 
overfeeding. In all cases when the receiving box is 
made air-tight a trunk is led away from the top of it to a 
dust chamber or dust balloon. The trunk should be as 
large as possible, fixed as nearly vertical as it can be, 
and with few bends as possible. The dust room 
should be made as large as possible, so as to allow the air 
to expand and come to rest, and thus drop the suspended 
dust. 

Figs. 14 and 16 show a standard fixing as supplied by 
J. Harrison Carter. The disintegrator is fixed upon a 
dust-tight wooden grinding box or stand placed upon the 
ground. The machine is driven by a counter -shaft either 
suspended ^rom the roof or bolted to wooden, sleepers in the 
ground. Th;9 counter-shaft is driven off the flywheel or 
pulley on an engine or motor. In this arrangement the 
stand shown is made of ^ top and bottom framework 
of timber, the timbers 'of each« frame beipg morticed and 
securely pinned together."' The top and bottom frames 
'are then ‘joinedt^together at ,the proper distance apart by 
four vertical l^s morticed ^nd bblted to both fr^-mes. 
Two other cros^-timber&are alscyrequired in the top frame 
to receive the. holdiflg-down bplts of the machine; these, 
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timibers should^be pladod parsSlel with thegj’inding chamber 
andjnot aci\)ss*it, so as not to block up the discharge from 
the machine. The top of the stand shouflj^ covered over 
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with .planking . laid doVn perfectly evenaand flat* the 
joints being placed parallel to the cross -timbers, tongued 
and made dust-tight. The planking should be securely 
fixed to* the top of the frame ancj an opening cut between 
the cross-timbers ‘for the escape of the ground material. 
The stand should be coippletely enclosed by match- 
boarding, made dust- tight, and Si sliding door, having a 
dust-tight seating, provided in orio of the sides to allow 
of periodical cleaning. It is of thp greatest importance 
for the projicr working pf the machines that plenty of room 
is left underneath ihem. The stands or hoppers should 
be made as deep as convenient, so as to leave room for 
the air blown into them by the revolving of the beaters. 
In no case m^ii^t a machine be fixed so that tlu;rc is not a 
free escape ^or'-this air, and in order to get rid of this air 
and dust a spout should be taken from the top of tlie 
stand and led to a dust room or balloon. 

Great care must lx? tak(ui that th(^ material is fed into 
the machijie as evenly as possible. Tlie feed should enter 
continuously and not intermittently, and sliould be 
examined for any foreign substance such as iron. Before 
starting tg feed, the machine should 1)C allowed to attain 
its full speed judged by the hum of the bcateil:^, and the 
rate of feeding regulated by this hum. In very fine 
grinding, when it is of importance that no pieces of grit , 
should ajjjx?ar in the product, the screens must be packed 
by a layer of putty or string along that part of the screen 
which rests on the inner lining of the machine. 

The bearing’s are self-lubricating, and should be 
inspected two or three times a day and new oil put in 
every other day. «i> ^ “ 

When the beaters ^ar(f repaired or repl|^ced, care must 
be taken that they (the disc and the spindle) are perfectly 
balanced, y? tha^t on turning, they show no tendency^to 
come to rest in ^ny particular positibn. ^ 

The disintegr|itorf hasi been somewhat fufty. ^treated 
owing to tho^reat^a^r^gc of usofulness which it possesses, ^ 




it*is cjaimed are reduced by Mii8*mea»s: Alkali, alum, 
ammonia, anthracene, antimony, as b»sto.s,^sphalte, bark, 
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barlejii baryte% Deans, biscuits, blacklead, blood manure 
blue, bones, borax, breeze, bricks, cattle foods, chalk 
charcoal, coal, clay, cocoanut husks, copper ore, cork 
feathem, felt, fuller’s earth, gas aafbon, glue, guano, gum, 
gypsum, hops, iron^xide, lead ore, lime, linseed, magnesite, 
mica, nuts, oyster shells, paper, phosphates, pitch, rags, 
resin, salt, shaviiYjgs, soap powder, sugar, tan, wheat, 
wood fibre, etc. 

Buhrstone Mill. — ^This machine is^in very common use 
for dry or wet fine^ grinding of materials such as flour, 
steatite, graphite, pigments, dry colours, etc. 

A buhrstone mill consists of two rough, siliceous discs, 
one of whicfi is stationary and the other revolving against 
it. The stonSt^are usually of French buhr or Derbyshire 
Peak, set either horizontally or vertically. Kadiating 
grooves, about | an incli deep and 2 inches wide, inclined 
to the radfi, are cut into the grinding surface of each 
stone. These grooves must be recut every time the stones 
wear smooth, which in practice is about once a fortnight, 
extra stones being provided so that no time is lost during 
redressing. As the stones naturally wear more towards 
the outer edges they are usually daessed slightly concave. 
A^mu^h more satisfactory stone i^ one built up upon a 
centre of buhrstone with concentric rings of grooved 
emery blocks, the whole being surrounded with an iron 
band and having the loose blocks cast in metal. ^ 

This type of stone was devised to remedy the wearing 
away of the Alter part of the buhrstone more rapidly than 
the centre, and in practice not only recyiires less frequent 
dressing, but also^^can ba safely driven at 6,000 feet 
per minute periphefal speed. * Usually the material is fed 
through a hole about iO inches m diamet^ in the upper 
stpne, bein^ driven by centnfug^l force to the outer edge 
and cut^y the sharp edges of ^ohe gropves. To secure an 
efficient and swedt running mdl the rotating stone must 
be carefully balanced, *an(f if this is done a speed of 4,Cft)0 
feet per minute instead of 1,000 may be attained with 
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safetj-. The limit of speed and th^refcfre of^output, japart 
from the mechanical strength of the stones, is determined 
by the amount of heat evolved which may be deleterious 
to the material ground, ^and to prevent any excessive 
am*oimt of which a wator-cooling arramgement is often 
provided. • 



Fkj. l«. MifJiSTONK Mill. 

The degree of fineness of the product is regulated by 
means of set screws at the •side? aijd for paste or paint 
grinding a scraper is provided on the rotating stone to 
remove the product a^it pj^ses the grinding facet 

The verj;ic»l milll grind, faster but i^t as uniformly 
fin^as^the horizontal mills. In some cg.ses the rotating 
stone is of smaller diam^?ter thai^ thp stationary stone, 
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and is driven^ eccehtrically to it, thereby f>redressing oi>e 
another at the same time. Such mills are particularly use- 
furfor wet grinding and for paints, graphite, chalk, etc. 

Fig.< 16 shows a millstone miK made by J. Harrison 
Carter, Dunstable; in which the stones are made of French 
bulirstonc or Derbyshire Dpak, according to the material 
to be ground. If i/sed for grinding cement, phosphates, 
etc., the mill is specially constructed and the stones 
thickened. ,, ,, 

A very useful modification of the eccentric mill is the 
Vertical Runner ivfill, whicJi is mainly used for small 



Fig. 17. — Vkrtical Hunnkr Mtli.. 


outputs. Fig. 17 shows such a mill as made by W. M. 
Fuller, junr., Birmingjiani. The stones are replaced by a 
mortar and pestle or runnoi’, the latter having about half 
the diamet^ir of the former. ,^liey are made in cast iron, 
stone, or wedgwood ware, an(j scrapers arc prpvidedt, for 
both runner and mortar. In the smaller sizes the/unner 
may be swung clear, and the morfar removed for emptying. 
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Theil* efficiency is not high, but they tfre extremely. useful 
for small operations. 

Fig. 18 shows a larger size of runner mill madef by 
tlie same firm. This macjbine has been specially cl^isigned 
foi* mixing and grinding chemicals, ch’iigs, fine colours, 
dyes, inks, explosives, etc. 'I^ie mortar and runner are 
entirely enclosed by a <?over, which ^s» easily removable, 
and an automatic disclfarge is provided which canTje used 
without stopimig the jiiachine. 

Roller Mills- — This machine cwmbines a very high 
efficiiency with the ])roduction of the fbiest output. It 
consists essentially of a roll of granite or steel which 
revolves in a cavity formed by a piece of^ the same 



material as the roll, and which is fapable ^of a lateral 
movement for the purpose of equalizing Avear. 

The tyjKi of roller mill most commonly found in use 
consists of three rolls driven at speeds varying in a fixed 
ratio. The .fastest-running roll, which is the delivery 
roll, is fitted with a scrajKU', commonly referred to as the 
“ doctor,” upon flie setting ^and adjustment of which 
much of the successful working of the*machine depends. 

Much that Ims b( 5 cn said prevTougly in connection with 
the working of high-speed finb crushing rolls applies with' 
e(jual force to roll nfills! tTo obtain the b<?kt grinding 
action tli|^ surface of the^rolls must nt)t 1x3 allowed to 
becon^^? polished, but must be Miugiienetl, eitlier by sand 
blasting in the case of ^teel roll^,*oif by. Jhc use of the 
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^diamond turning tool iri the case of granite jolls. It need 
' be hardly mentioned that it is of extreme importance that 
the Toll’s and spindles must be ground and turned dead 
true, apd any wear due to working immediately, remedied. 

As a necessary consequence the frame and bearings 
must be of substantial design, and the pressure on the 
, rolls must be capable of being evenly distributed and 
adjusted to suit the class of matv^rial dealt with. The 



Fig. 19. — Triple Granite Roller mill. 


usual practice to secure even wear in the case of triple 
roller mills is for tij^e central roller to be given a uniform 
lateral to-and-fro movement of about J inch. 

Owing to the fine work required, the type of gearing 
employed is of thp greatest inaportance to secure smoo^th 
and efficient runn jng . In a good-class machine the gearing 
is either plain machiij.e-cut in cast iron or cast steel, pr, > 
better, machine-cut ijoiseless train gear running in oil, 
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with? the pini(^s so arranged as 4lb b« capable of adjust-# 
ment to compensate for any reduction in ftie diam<5ter of ' 
the rolls. 

Fig. 19 shows a triple roller mill made by Follows and 
Bate, Manchester, for amalgamating ^nd finishing white 
lead, zUnc white, oxides, paints, etc. Other forms are 
made by the same firnf for treating jDchres, blues, ink, 
fine colours, enamel pa«te, etc. The^rollers are of Scotch 
gi'ey granite, fine -grain hard granite, porphyry, cast iron, 
or cliilled iron, according to the class of work to be 
undertaken, and range in size from 24 inches by 12 inches 
to 30 inches by 15 inches, requiring from 3 to 6 horse- 
power , with an output ranging up to 8 tons per day . These 
machines have a heavy framework, to ensiTre absolute 
steadiness, and accurately machined bearing-ways per- 
fectly aligned, with steel plates secured by studs and 
lock nuts. The rolls are of grey granite mounted securely 
on steel shafts and protected from accidents by means 
of spiral springs, even wear being obtained by securing 
an even distribution of strains throughout and a uniform 
lateral movement of the central roller. The scraper is 
of steel, and has a fine adjustment device; the gears are 
powerfultand almost Jboiseless, and the counler-shaft is 
in adjustable plummer blocks supported by a p©de»#al 
bracket. Patent parallel roller adjustments fire provided 
to front and back rolls, which prevent sugar -loafing 
and ensure fine work. 

Ball Mills..— -During the last few years thgse machines 
have increased in favour, owing to thei^ simplicity of 
construction, easef of working, low running costs, and 
freedom from breakdown. ,lney coi|j5st of one or more 
jars of iron (y stonewarei arranged horizontally in a 
frame and rotated about a common axis. The grinding! 
aqjbion is produced by m^ns of a niimber^of tballs or 
peljbles of pprcelaih or flint, the jar ^jeing driven at a 
speed of about 80 r.p.m. iy upin^ multiple jar machines 
small quantities of different mattrials may be treated 
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# 

t at the same tfmc, (jnd ^wing to the small cost of jai;s the 
‘ losse^'diie to cfcaning may be avoided by keeping separate 
jar^ for different materials. 



Fig. 20 shows one of the many types of‘ball mills made 
l^y Hind ^and Lund, Ltd., Preston. These machines 
create ,no dust (Wing workllig, rei^ilting in no loss of 
material, and pSilverize all the material to a uniform 
product. The capacity of such mills is given in pounds 


Fig. 2:). — Bai.l. Grinding Mill. 
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of sand from which the «apacit^ for oWier materials 
may^ estima*fced, taking as a basis that > cubic foot of 
sand weighs 90 pounds. ^ 

The machine in question is fitted with two porcelain 
jars 13j inches diameter by 12 inches inside, moufited in 
sheet-irpn receptacles, and have an* inlet or neck of 
inches diameter. Thj appfoximate power required is 
1 b.h.p. when driven at a speed of 4% to 50 r.p.nv The 
charge of porcelain balls or flint pebbles for each jar 
amounts to 4^ pounds, giving a grinding capacity of 20 
pounds of sand per day for dry grin^ling and 3 gallons 
per jar for wet grinding. 

For heavy work pebble mills are used having a lining 
of porcelain, silex blocks, chilled iron or steel plates, 
the grinding medium being hard flints or jtorcelain balls 
according to the class of material to be tw^ated. For 
special work, steel, brass, hardwood, or vulcanite balls 
are made. 

Fig. 21 shows the “ Atlas ” pebble grinding mill njade 
by the same firm. The body of the mill is built up on 
steel gudgeons of substantial design on which the cast- 
iron side plates are keyed, the outer sludl b(ung built iq) 
of mild steel plates. hi|mr wheels are fitted, ixho barring 
gear to t^e end of thJ counter -shaft, thus allowii^ 
manhole to be brought into ])osition \vhen it necessary 
to change the covers for charging or discharging the mill. 
The gudgeons of these machines are sometimes fitfi^d 
with stuffing glands and pq)c connections for steam or 
air inlet on one gudgeon and an outlet with lock on the 
other, to enable grinding to be done under ^^ressurc. 

The operation oi cleaning (^ut the ^piill is performed 
by placing in the bottom bf the mill a 8harge of dry sand 
equal to the giten capacity *of tTio tnill, and then filling 
in carefully by hand the charge of balls or flint pebble^ 
Thh charge of sandhis sufficient to filf in the c^’cvices 
between tie balls or pebUes, and the •total volume is 
equal to half the volume of the nftll. ‘The manhole is 



32 HfTRODUCTlON'^O CHEMICAL ENGINEERING 

then closed the^oliij cover, and the mill rotated |t the 
specified spe^d for several hours. The solid cover is 
then replaced by a perforated cover, and the mill again 
run until all the sand is sifted out, only the balls or 
pebbles being retained. 

It is of the greatest importance that pebbles should 
be of the best quality, as ^oft pebbles not only wear out 
rapidly, but also deteriorate the.quality of the material 



Rg. 21. — “Atlas” Pkmble Grinding Mill. 


being pulverized. Pebbles of imiform shape, round or 
oval, are preferabl6 to those of irregular shape, and 
greatly increase the grinding capacity. On no account 
should chQ)s or fragments of pebbles be allowed to reifiain 
in the mill, as they lower the efficiency considerably*. 

As the main action of these machines is that of 'finding 
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andfiot (crushipg, all material mu^ be erushed to a suitable^ 
degree of fineness before being fed to the machine. 

Fig. 22 shows a form of ball mill made by Edgar Allen 
and Co., Ltd., Sheffield^, and designed for conjjinuoiis 
working. The periphery of the mill is*made of hard steel 



Fio. 22 . — Ball Mill: Section. 


# • • 

grinding plates, stepped as /ihown; the plates, being 
perforated, allow the ii^aterial to leave 14 ;ie inner chambeir 
of the mill as it iai reduced to powde^; tfiat portion 
passing frdm the inner chafnber falls on to a second per- 
forated? plate or check sieve, which#allows only the finer 

“ 8 
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portion to enfer the Autor (fb&mbeTf on which is fixed 
a Snil series sieves, so arranged as to produce the 
necessary fineness. In each case the rejected portions are 
returned automatically to the inner chamber for further 
reduction; consequently, the pfocess of grinding beconjes 
continuous and automatic. The ground material is 
delivered from the bottom oitt hopper portion of the 
chamber into bags^by operating oa slide, or the bottom 
may be left open for the finished material to be carried 
away by a conveyer. The usual ®type of machine can 
be fed with material up to 2 inches cube, but machines 
are made capable of taking material up to 7 inches cube. 

The side plates, which are of rolled steel in the larger 
sizes and 6f cast iron in the smaller sizes, are mounted 
on cast-iron o'>ntres keyed on to the main shaft. The 
feed hopper* which is bolted to the inner edge of the main 
sole plate, is of heavy construction, so as to remain 
steady under all conditions of working. 

The dust casing, constructed of steel plates in sections, 
with angle iron joints, consists of two parts, of which 
the top one is fitted with a nozzle from which the dust 
generated by the rotary action of the mill may be carried 
away to a balloon or dust settl(?|. Where oijjy limited 
potver is available^ a friction clutch is substituted for 
the fast afid loose pulleys, so that starting up may be 
accomplished more easily and with less shock to the 
gearing. 

These mills require from 3 to 60 b.h.p., and are 
charged with from 3 to 60 cwt. of steel balls according to 
their capacity. The main purpose pf these mills is to 
reduce material \p a suitable degree of fineness in order 
to feed a finishing mill 

Tube Mills. — The tube mill is essentially a machine 
ior fine grinding, and since ^ts introduction a few yi^ars 
ago it has replaced practically all oth^r machines for 
this purpose. It is essentially a special form hi half mill, 
as the grinding is ^effected by the rubbing of the material ^ 
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betwen the flint pebbles dr steef baMs an^i the sides ofi 
the mill, but a certain amount of crushing is performed 
by the rolling of the balls and also by their impact in 
falling after they have. been raised a certain dist«^nce by 
the revolution of the mill. The diffr^rence in action ir 
that thfe material to be ground is fed in at one end and h 
delivered as a finished product at the. other, the degree 
of reduction being co»trollcd by th^ speed of the feed 
since the longer the pebbles are allowed to operate, or 
in other word#, the slower the feed, the finer will be the 
condition of the ultimate product. 6ome machines are 
provided with a spiral worm feed whereby a certain amount 
of material is allowed to travel to the grinding chamber, 
and from whence, after passing a perforated *plate, it is 
carried by another worm and discharged. # 

These machines are capable of being useJi for either 
dry or wet grinding, and in the former case the material to 
be ground must be quite dry, as 1 per cent, of moisture 
will seriously reduce the output, and in the latter ease, 
for wet grinding, sufficient moisture must be present 
so as to form a sludge or slurry. 

Edgar Allen and Co., Ltd., Sheffield, divide tube mill 
grinding into four cljisscs and j)rovide machines ac- 
cordingly : 

1. For grinding either wet or dry maieriai wmcii nas 
been previously roughly ground or pulverized in a pre- 
paratory mill such as a ball mill (Fig. 23). 

2. For the preliminary treatment of eitjier wet or 
dry material which has been reduced to assize equal to 
about 2 inches cub». 

3. For the preliminary and* final ti|^atment of either 
wet or dry maj^rial whiph« has •been reduced to a size 
equal to about 2 inches cube.» 

For the treatment of |lry material, in conjunctiofi 
with air sepajation,* the material havi:^ bo cn "reduce 
to a s^ze equal to about 2 inches cijDe. 

The Srst type of mill, made in sdv^ral sizes according 
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to tke quantity and fineness oi? the finished product 
required, is designed to carry a charge of flint p^bles 
in some cases and small steel balls in others. • 

In the case of flint pebbles being used, the mill is lined 
wiih either quartzite or billed cast-irgn plates, the end 
lining plates being of manganese steel. The quartzite 
lining is preferable to cast iron, both on account of its 
longer life and the fact that the efli(Sency of thc*mill is 
increased, due to the quartzite bricks having a rough 
face, which prevents slip of the pebbles down the sides 
of the mill. 

The mill carrying a charge of small steel balls is suitable 
for dealing with refractory material, and is lined with 
steel plates designed to prevent slip. The fineness of 
the feed supplied to this machine should #be such as to 
pass a 16-mesh sieve — viz., one which has 25 g holes per 
square inch. 

The second type of mill is intended for preliminary 
reduction only and the product passed to a finishing 
mill as described above. This mill is lined throughout 
in hard cast steel or manganese steel, and the diameter is 
larger in relation to the length as compared with a 
finishing It takjb a feed up to a size equal to a 

2-inch cube, and is charged with steel^balls from 3 iRcteJ? 
to 5 inches diameter. 

The third type of mill is a combination tube mill, 
being divided internally by a special diaphragm into two 
chambers, one of which contains steel balls^ the other, 
which is the finishing chamber, containing ^int pebbles. 
Hard cast steel is used for lining the first chamber and 
quartzite for the remainder, so* that tl^ machine is well 
suited for grinding cemgnt^ climker, coal, and various 
kinds of ore. 

^'he fourth type is practically the saijie as the second 
type, but it is use(> for “1[)ulk-grinding,*’ by which is 
meant thal a large quantity of feec^ is given to the mill, 
but only a portion is reduced to the required fineness 
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during its fii*st^ passage/ The whole of the product, coarse 
and fine, is passed through an air separator, which extracts 
the' fine portion and returns the oversize to the mill for 
regrinding. The advantage of^this system is that there 
is a saving of pftwer required, and that by means of 
adjustments made at thq air separator the fineness is 
controlled through^ wide range. 



Fio. 24. — Stamps fou Crushing. 


These mills ari made up to ''30 feet in length and 6 feet 
diameter, carrying a charge of 350 cwt of pebbles and 
requiring about 180 h.p. * 

' Stamps^— Thfs type of reiuctidn machine performs its 
work by the simple method of repeated b^qws o«i the 
material by means cf a falling weight under the §ction of 
gravity or power. ‘ very poor mechanicah 
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efficiency, the low running boats iilako them very suitable^f 
in the larger sizes for the mining indust^, and fn the 
chemical industry the small sizes are found decidedly 
useful for reducing material of a sticky or oily jiature, 
and for nuts, mustard, etc. 

Fig.* 24 shows this latter type of machine, made by 
J. Harrison Carter, Ltll., Dunstable, consisting of two 
iron pots having heavy*s tamps lifted fcy cams and dropped 
by their own weight into the pots. 

Although t8ere are many points of interest in stamps 
as used by the mining engineer, it is felt that they are 
not strictly within the scope of this volume, and for 
further information the student is referred to books 
dealing with mining machinery. 



CHAP.TER II 
« 

SEPABATINGf AND MIXING MACHINEBY 

In the chemical industry it may b® neces^ry either to 
separate different sized particles of the same material 
or particles of different nature from one another, and for 
each class of work distinctive machinery is used. 

The simplest form of sifting machine is known as the 
“ Grizzly,” and is used, for the sake of economizing power, 
for separating Ithe smaller pieces of material from the 
larger, so that the former can go to the fine crusher direct 
and not with the latter through the jaw-crusher. 

A ^izzly, is an incline built up of parallel bars set 
transversely, an inch or more apart, according to requii’e- 
ments. 

For finer work the ordinary sieve or screen, in which 
the screening surface is formed by#. a plate having slots 
punched through it or by a woverf wire, is in common 
use. , • 

The obvious development of the common sieve is the 
cylindrical or conical form, which can bo rotated about 
its axis. 

The TromiheL^ — This machine needs very little descrip- 
tion, as it consists of a cylindrical^ perforated plate 
mounted so that, iri the smallest sizes, it can be rotated 
on an axle, or, in* the larger sizes, on friction rollers.' 
The cylinder is set at" a slight inclinatioif" so as to pass 
thp material through rapialy, and very often several 
cylinder^; having different d^^grees ^)f perforation are 
arranged concentrically, thus grading the material into 
several sizes at one operation. 

40 
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Fig. 26 shows a portable 'hand-driven scr^n made by 
Edgar Allen and Co., Sheffield, and Fig. 26 givfo a view 
of a telescoJ)ie scree4 made bjr the same firm. 
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Sifting Reels* — In cases where A is* required to grade 
any ground material into one or more different sizes after 
it leaves the disintegrator or other grinding machine? or 
when it is imperative that the finished material be abso- 



FIG. 27.- llKEL^. 


lutely all of one mesh, or very finely dressed, this machine 
is the most satisfactory. 

For coarse material a cover of coarse mesh is gripped 
by means of steel straps arranged on a numRei^of cast-iron 
spiders keyed on a strong spindle, as shown in Fig. 27. 



To save wear o^ the cove^ a* wrotight-iron ring is fitted at 
the feed end. These reels are mounted in an inclined 
poeition, in casings, \i4iich |irc usually Jbuilt jound thetti 
at the factory* where^ installed. 

Wh^ fine work is desired, the sifting medium is made 
-from fine metal or silk gauze, whi<ii Requires supporting 
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on either a ifexagonal* or cifcillar reel. The hexagonal 
type 'is suital)le in the great majority of cases, but if a 
very fine product is required and the material is of a 
sticky^ nature, the circular reel provided with an exterior 
brush to keep thq, cover clean is the best arrange menti 

Fig. 28 shows a hexagonal type of sifting reel made 
by J. Harrison Carter, Ltd., Dunstable. 

Fig.* 29 shows tlffc “ quick-change ’’ powder dresser or 
sifter for colour manufacturers made by Follows and Bate, 
Ltd., Manchester. This machine* is us^d for ground 
colours, ochres, o?fldes, sugar, flour, blacklcad, etc., and 



Fl®. 29. — POWDKR Dhkssku. 


is so arranged that various grades of powder may be 
produced at the same time. The provision of a removable 
barrel allows many powders to be dressed on the same 
machine, as all parts are designed for quick cleaning. 

In the caSes of the machines just^ mentioned a little 
consideration will show 4hat a large percentage of the 
sifting medium ii inaetj^ve,* owing to the machine being 
gravity controlled. ' 

» A n^ore highly efiicient machine is obtained by the 
addition 6i internal beaterfe or paddles which can be 
driven at a higfi speed. By ’ihis means the \^ole of the 
sifting surface is rendered active, owing to the ceritrifugal 
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actioA set up, and the generatioil* of *a strong air . blast 
also adds considerably to the output. 

Fig. 30 shows a centrifugal dressing machine made 'by 
J. Harrison Carter, Ltd..^ which is manufactured with 
reels up to 10 feet in length by 2 feet in diameter, driven 
at 180 lo 260 r.p.m. The type illustrated by Fig. 29 
attains a size having a rJel 20 feet in length by feet 
in diameter, but driven’ only at 40 t(f 20 r.p.m. * 
Vibration M^hineStf—When a charge of material is 
placed upon a screen it is obvious that the amount of 
material which passes through depends upon the ratio 



Fio. 30 . — Centbifugai. Dkessing Machine.* 

between the sum of tlie areas of the openings to the 
total area of the screen. This ratio is known as the 
opening factor, and varies considerably according to the 
type of screening surface employed. It is largt^r for woven 
screens than for platb screens, b^jt on thc^score of economy 
a screen having a long life and a smJill oj)ening factoi 
is often chosen #in8tead of Vine Vith a larger opening 
factor and of less durable nature. In the case of silk 
scroens, it is essential lihat jbhe thread s*should b5 even 
and carefuljy twisted, so th(jt they do not*readily become 
fuzzy, jivhereby the opening factor is considerably 
• reduced. 
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i If the screen remains at fest it is clear^that thei bulk 
of the material remains on the screen supported upon 
a number of arches formed in the material by the falling 
away^of the portion which has passed through the screen. 

Further sifting is only obtained by causing motion 
of the material relative to the screen, whereby these 
arches are broken down.* The^type of motion and the 
amount of power Necessary cannot be estimated satis- 
factorily, so that with any particular type of machine 
the best method of obtaining efficiency is to conduct 
a series of carefully checked trials. 

The amount . of relative motion required is small ; 
hence sifting machines which have a shaking or vibrating , 
screen form an efficient and important class of sifting 
machinery. « 

It shoulS be noted that during the period of vibration 
not only is the screen sifting the material, but the material, 
is also sifting itself. Under the action of gravity the 
smaller particles j)ass between the larger particles, each 
grade of material acting as a screen for finer grades. 
As the action proceeds it becomes more effective, until 
a stage is reached when the material is composed of layers 
of different fineness, the finest be^ig at the screen and the 
"ccr^sest at the tgp. Any further action of the screen 
will only 'pass the material through the openings until 
a size of particle is reached which will just pass. At this 
point choking becomes serious and the wear is excessive, 
both of w}iich are to be avoided as far as possible. In 
addition to this, after the material has once become 
separated into layers a certain amount of power has 
been used up ii? uselessly agitating the coarse material 
which never passes tho screep. Hence, for economical 
working, separation into layers should be carried out in 
"the first place, and then the^coarser layers removed before 
the filler portiqns are sifted. ^ 

Sha kin g Sifters.— rThis ty^ of sifter is very effective 
for grading most, ipaterials, into any sizes and number i> 
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of grades. It consists of dni& or m6re screens supported 
in a frame by flat springs slightly inclined t?> the vertical 
and vibrated by means of a cam or crank having 
adjustable stroke. Owing to the fact that both the 
speed and the length of ’the stroke Cfin be varied as 
desired, this machine can bo adapted for a wide range 
of material. Under the Combined action of the crank 
and the springs the screen travels oij?^a small arta of a 
circle, thus imparting an upward and forward motion 
to the material %Lnd producing very efficient screening. 



FlO, 31. — SlIAKINC SlFTKR. 

• 

Fig. 31 shows a type of shaking sifter made by 
J. Harrison Carter, Ltd., in different sizes up to 9 feet in 
length and IJ feet in width. For dealing with materials 
of a sticky or Woolly nature a brush is provided to keep 
the screen clean, and where the material has* a tendency 
to cake, the brush is also mads to vibrate. When re- 
quired, this machine is made*witji two* or more screens 
arranged one aboVe the otfier. 

Fig. 32 shows a similar type of machine made by pdgar. 
Allen and Co., which, howe>Per, finds its chief use, as a 
shaking conveyer . It is simple in design, strongly made, 
and so sAranged that no violent shocks come on any of 
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the parts. A speci45 feattir6 of this machine is the 
conliecting rod, which automatically takes up any wear 



and 4ihus preventc any “ knocking ” from taking place. 
The rod is also designed to eliminate any bdhding action 
at the fixed end, wjiich is the cause of ma.ny br^akdowns^ 
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in this type of machine^ ' lliis is -effected by means of a « 
toggle made of special steel, working on knij?e edges. ’ The 
supports, made of strong spring steel, are secured to the 
bottom of the conveyer by means of pivots workyig on 
a fixed spindle. i 

This machine can be used as a screen, a picking belt, 
or as a conveyer. • 

A machine in common use in the ^psum and rHimilar 
industries, called the “ Newaygo screen,” consists of a 
higlily inclined fecreen tightly enveloped in metal sheeting 



Fig. 33. — Gravity or Lkg Serarator. 


to prevent escape of dust, and jarred by many small 
hammers automatically tripped on the upper surface of 
the cover. 

Air Separators. — ^The separation of materials such as 
cement, phosphate rock,,ba§ic and cither slags, coke, 
ores, etc., which /ire of a gutting lor wearing nature, and 
therefore not suitable for reels or similar machines, is 
ofte^ carried out by m«ans jf an air bla#t. ^ 

If such a inaterial is free from dust, a very simple 
miachin^ known as a gravit;^ or leg separator, can be used 
# with good results. Fig. 33 is an illwstjation of this type 
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i-of machine m^de by Hamsun Carter, Ltd., in which 
the feed is delivered by a feed roll in front of the induced 
air 'Current when the lighter particles are drawn back and 
fall into their respective divisions. 

The air current is obtained from a fan or from «an 
existing air trunk. This ^machine can also bo tised for 
separating iron from materials before they go to a grinding 
or othdr machine, ^ny number of legs can be placed side 
by side to deal with various grades of the same material, 
and combined in one^ frame compC)te with the fan. 

If, however, the*’ material is dusty, the machine has to 
be arranged so that the fan circulates the same air and 
docs not exhaust dust-laden air into the atmosphere. 

Probably the best arrangement for separating powder 
of any de^r€<) of fineness from dry materials is the 
“ Stag ’’ air separator made by Edgar Allen and Co., 
Ltd., Sheffield. 

Briefly described, this is a self-contained apparatus 
in which a current of air circulating continuously through 
a descending stream of ground material separates the 
finer particles from the coarser, the latter being returned 
to a pulAjDrizer, mi 11 -stones, or other grinding machinery, 
to be further reduced. The re4ilt is a uniformly fine 
pfuliuct which ca«i scarcely be obtained by any other 
method. 

Fig. 34 shows a sectional view of this machine, to 
which the following details refer : The separator consists 
of an oui^r casing of sheet iron A, circular in form, 
together wi^ an inner casing B, separate from each other, 
for collecting the fine and coarse materials respectively. 

Above the inrif.r casing, ^nd, fixed on a vertical spindle, 
is a fan £J, with blados, which, when ^evolved, induces 
a current of air. Fixed on the same spindle is a disc, 
which sprpads the material ^being treated in a thin st^ieam 
all rdund towards a fixed hood directly, below the fan. 
The current induced by ihe fan passes upward and 
carries with it ttjeffine particles, which are thrown into. 
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the ‘outer casing. The ‘coarse ]^rti6les, ^which are Wo/ 
heavy to be lifted by the current of air, fall info the ’ 
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Fig. 3 ^. — “ Sta% ” Am Separator. 

t ^ # , 

inner jasing, and return ty the l^ranch pipes 6 to the 
grinding machine, to be fiirth^y te^Juced, Tb© degree 
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\)f fineness of ^he fihisli^d material can be regulated by 
the s^ed of the fan, also by the partial closing of a 
damper fixed between the inner and outer casings, which 
intercepts the current of air. 

This machine occupies very little space and requires no 
settling rooms, and at the same time does away with all 
brushes, sieves, cloths, etc., in addition to the fact that it 
can bo rbn at slow sjjeeds of 160 to 260 r.p.m. 

It is made in sizes up to 9 feet in diameter and 16 feet 
6 inches height over all, requiring about 5 b.h.p. 

Among the materials which can be successfully treated 
in this machine are cement clinker, raw shales, lime- 
stone, burnt lime, basic slag, phosphate rocks, blacking, 
charcoal, gypsum, cattle cake meal, cotton -seed meal, 
clay and marl,V3oke dust, chrome ore, bauxite, aluminous 
earth, fuller’s earth, graphite, soda ash, soap powder, 
gold quartz, etc. 

Electro -Magnetic Machines.— Machines in which 
material is sifted by means of electro -magnetic force are 
of comparatively recent introduction. The earliest type 
of machine and one which is in extensive use to-day has 
for its main object the separation^ of pieces of iron and 
steel from material before it is fed into a ctlisher or 
grinder, where its presence would cause a breakdown. 
In its simplest form it consists of a magnet suspended 
over a belt conveyer or shoot down which the material 
slides. The pieces of iron and steel caught by the magnet 
are periodicdly removed by a workman, who also picks 
the material as it passes. 

A safe and simple type of separator consists of a 
pair or more of magnetized flat bars which are fixed in 
the bottom of a spout 8r carried on a flat table, this 
table being given a shaking motion or made a fixture, 
l^liese tables giv6^ a large mrgnet?c surface, and conse- 
quently the iron^has a greater chance of being arrested 
than it has in the case of some types of barrel and drum 
separators. 
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Rg. 35 shows an arrangemeht for carrying electA)#^ 
magnets in a spout. ^ * 

Fig. 36 shows a tyj^c of machine made by J. Harrison 
Carter, Ltd., which is sijitable for bone grindcrsf cattle - 
food makers, drug grinders, cake griiAlers, oil mills, etc., 
where it is essential that np iron or steel shall go to 
the grinding machinery find that costly hand-picking shall • 
be avoided. 

The extraction of the iron is effected by one or more 
pairs of electto -magnetic bars pl{)iced in the bottom of 




Fig. .*15. — Aehangkmicnt gi’ Ei.ectro-Magnkts in Spout. 


a reciprocative tray, which can be made ol> any desired 
width and length and fitted with any numbrr of magnets, 
according to the ftature of tlje material treated or the 
quantity to be dealt with. •An automatic cut-out valve 
which opens when the curreht falls jicts as a safety device 
and prevents the feed entering the grinder. 

A very simple and* effeitive machifte foft separating 
small parjicles of iron o^ steel from grain or seed is 
formed, by substituting a specially •constructed magnetic 
pulley for the driving pulley of a l^elt eonve^er. 
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' Fig. 37 sho\ys pucfh art arrangement in action, the grain 
being shot off by centiifiigal force, which in the case of 
^he^ron particles is overcome by the magnetic force, 



Fig. 36. — Electro-Magnetic Separator. 
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sevd^al typos of complfcated stfparating^ machines d6-»‘ 
signed for continuous working. By using several 
magnetic drums rotating at different speeds it is possible 



to»grade material accftrding to the majrnetiQ prdpertie8 
of the products present. ♦ 

Separating machines which depeytid for their working 
upon the different behaviour of m^te^ials ^to charges of 
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static electricity ’haTO been ^developed within recent 
yearfe. These machines for their successful running 
require much skilled attention and knowledge of the 
principles involved, and on that account are not found 
widely used by the chemical industry of to-day. 

Water Separation. — One of the oldest and still most 
widely used processes for obtaining separation of materials 
consists of utilizing water as a medium for the separation 



Fig. 38 , —Levigating 


of bodies heaving different specific gravities 6r of different 
sized particles having different rates of settlement. In 
the mining industry this method has received great 
attention, and the resulting* developments have been 
many, but in the chemical industry it^has only limited 
,applic,ation. 

In j}he dase of barytes, oxides, ochres, coloured earths, 
and similar substances, the material is first ground under 
water in a special e^ge runner or levigating mil!, a type 
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of which is shown in I^g.* 38, made by Follows and , 
Bate, Ltd. * ’ 

This powerful machine is designed for crushing hard 
oxides, etc., in water, and is conveniently arranged for 
floating off the desired produet by means of a tap fixed 
at the top of the reservoir, inside which the runner 
rotates. The sludge doAr is easily opened, by which 
grit, sand, iron, and other suchliktf particles, <?an be 
speedily removed. 

The mixture* from *the levigating mill is run into a 
large vat or buddle, and after standing* for some minutes 
the upper portion, to a definite depth, is run off into 
settling tanks, where it is allowed to stand for a longer 
or shorter time, dejx^nding on circumstances. After 
more or less complete settlement the clear sujiernatant 
liquid is run off and the sludge removed for drying. 
Very fine material of low specific gravity may take three 
or four weeks to settle, but in the majority of cases the 
operation is completed in a few hours. Sometimes the 
settling tanks take the form of long troughs, through 
which the mixture is made to flow at a definite rate. By 
this means the coarser and heavier particles settles first, 
the finest hping depositJSd at the outlet, whilst all floating 
impurities are carried beyond. Thi# method can -d)e* 
usefully adopted for large quantities of material which 
does not take too long to settle. Many attempts have 
been made to construct machines which will accelerate 
the rate of settlement and provide a morp compact 
arrange-ment, but they can hardly be said to hjive received 
much application in# the chemical industry.’ 

Fig. 39 gives a view of ^ho^interior a settling tank 
or subsider for c^no juice., it is provided with a copper 
decanting pipe and float having a limited travel. When 
the , decanting is finished th^ residue caa be ^un ^)ff by 
means of a separ/ite cock. This type of tankf made by Blair , 
Campbell afid McLean, Ltd.f Glasgo\v, ranges from 200 to 
1,000 gallons in capacity, and is oftefl vfed in a series. 










41. — ^Design of Levigating Plant; Elevation. 
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Fig^. 40 and 41 show in plan aild elovatjon a design 
for a levigating plant made by Follows and Bate, Lid., 
Gorton. A careful study of this design throws con- 
siderable light on the number and working positions of the 
machines wliich are deemed necessary for the economical 
working of one of the simplest operations in the chemical 
industry. * 

Fig. 42 is interesting as rej)resentin^ the flow shdct of 
the milling process used jn preparing rock salt for market. 



Mudng^ Machinery. — Mixing operations may be roughly 
divided into two clashes — (1) the mixing of solids with 
solids; (2) the mixing of solids ^^th liqi^s. To obtain 
a uniform mixtur^ of diffjsre^t solids is at present a 
practical impossibility, because gas soon as the miirture 
is set ill motion a sifting action takes ^place, as > was 
explained previously when dealing with tjie subjecHi oi 
sifting. For* this reason sui4i mixing as is required ie 
4one at foe time of grinding by fr.<»diiicr the diflFerenI 
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yoli^s, in thociequired amounts, together into the grinding 
machine. 

'The tube mill and the ball mill are commonly used for 
grinding and mixing at the *same time, and when only 
mixing is desired the balls are removed and projecting 
arms substituted to assist in turning over the material. 
This operation is common where different grades of 
material aro required to be mixed, or as a preliminary 
to the grinding operation, in oyder to obtain a more 
miiform product. * 



Fig. 451. — Positive Driven' Putty Mill. 


The edge runner mill is another machine which is 
largely u«ed for mixing, with more or less satisfactory 
results, bemjs limited in the extent of its output.' 

A special form of this typo ctf machine, made by 
Follows and ftate. Ltd,, is shown in Fig. 43, and is 
known as a “pu,tty*’' mill. Beside^ being useful for 
crushing to a fine powder, chalk, whiting, chrome, indigo, 
Prussian, blue, •etc., it is alsp handy for mixing into smooth 
pastes, red 8fnd white lead for steam joints, white lead 
and borings into* tough fjaste, etc. The t^per roller 
and the p{in oi tliis madune are caused to revolve by 
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Fig. 44. — Ver^cai. Pug Mill. 




64 INTR0D^CTION^ TO ckSMICAL ENGINEERING ;; 

gearing at (iilferent speeds, and to act independently 
of the contents of the pan, no matter how slippery they 
may be. 

For the mixing of solids wit^h liquids to form pastes or 
semi-liquid prodhcts the ball mill is used for high-class 
work, and the pug mill for paints, enamel varnishes, etc. 



Fig. “Powerful” HoriWtal Mixer. 


A simple form of pug mill made by the above firm is 
shown in Fig. 44, which gives a view of the interior, 
showing the rotating arms rsed fbr mixing. This machine 
is useful for ^miall quantities of colours^ up to 6 ga-llonSj 
and the hopper is lined w^h white vitrified gnamel to 
allow of ease ip ejeaping. 
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The puling arrangem^ni is strong enoi^h to mix tlje^ 
stiifest pastes, putty, and the like, and will also* mix 
semi-liquids in varnish or oil with equal facility! 

A larger form of this machine is shown in Fig. 45, 
wl^ich is largely used as an amalgamator for ready mixed 
paints or for oil blending, etc. It is fitted with a steel 
pan with double-riveted, lap-jointed vertical seam. 



SECTIONAL VIEW or the ‘'UNIVERSAL” CONE PAINT MILL. 

Fio. Ifl. — C onk Paint Mill: Section. • 

'* ) 
single riveted to cast-iron top and bottom rings, a heavy 

vertical steel shaft carrying foi^ged-ste^f mixing blades, 
the angle of which can be ^gdj listed to suit thick or thin 
material, and a discharge door or casViron tap as shown. 

At useful and handy type o^ machine made by thfti firm ' 
for operating uppn material of not too greatjspecific gfavity 
is ttie horizontal mixer sh^wn in IJig. 45. It may be 
^used fo/the blending of dry colours^ of powders, or for 
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Itf*oducing a ^quid, semi-liqfiirf, or paste like dough or 
puttj^. 

The open pan or hopper, of steel, brass, or copper, 
swings between two heavy standards, and is firmly 
locked or instantly released by the withdrawal of a stop 
catcli. The toughened steel beaters are detachable for 
cleaning, and rotate in opposite directions, in such a 
manndi as to preVcjnt the contents of the hopper from 
gathering in a mass during the process of mixing. The 
material may be discharged whilst the beatsTs are revolving 
by swinging the hopper into any desired position. 



^10. 47. — 5r)ocjm.K Mixer for Semi-Liquids. 


The “ Universal cone mill made by this firm, of 
which a sectional view is shown in Fig. 40, is a combined 
mixing ai^l grinding machine used for paints, enamels, 
varnish, stijins, pulps, grease, lubricants, boot dressing, 
match comjxisition, antifouling composition, etc. 

The cone has (hep feeding apd fine grooves, so arranged 
as to force the material irjside the hopjxjr outwards to 
the grinding surfaces, q-nd is balanced on a central 
' vertical steel >ihaft pivoted at. the bottom in a copical 
hardened steel, Ix^aring, being raised or lowered by means 
of a handwheel at the side.vi. The cone rotates inside an 
annular trough which is broad q^nd deep, with a square 

ri I 
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bottom, and is fixed on an inclifie, so th^t as grinding• ** 
proceeds the material flows steadily towards the outlet 
provided. • 

For working up thick ^pastes detachable beaters are 
provided, and the annular trough is •removed, so that 
the machine delivers on two sides simultaneously. 
Sometimes it is necessary to keep the materials hot 
whilst the mixing process is going (fu, and to this end 



Fig. 48. — “ Oimcn-Diu m ” Mixkr. 

• 

mixing • machines are sometimes provided ^with steam 
j ackets or with an ariwangemen t for heating b5" gas . Fig . 47 
shows a double mixer for sejni-Jiquids on^owder provided 
with a steam jaejiet, madp by J. Harrison Carter, Ltd. 
This machine can be arranged to work as a charge or 
continuous mixer with the oijtlet at the (tid or anyVhere 
in the length ot the bottom. 

Fig. 48 sfiows an open-olrum ” b^tch mixer made by 
,the same firm, which is used for mi:^iz^ either concrete 
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Vr'tar macadam. THb macBirfe is made in sizes^weighing 
up t!b 2 tons and capable of dealing with up to 20 cubic 
yards ot material per hour. 

Fig. 49 shows another machine of this firm's make, 
wliich is also useful for concrete and macadam. It is an 
under-geared mixer which mixes thoroughly without the 
pieces being crushed smaller than is desired, and from 
which*" the material can be automatically discharged 



when desired. The pan is made up to 7 feet in diameter 
and revolves up to 19 r.p.m., requiring up to 12 b.h.p. 

The soap^industry makes great use of mixing machines 
which are known as crutchers," from the fact that in 
the early factoids the mipcing was done by hand with a 
wooden stick or crutch. 

The crutcher is surrounded by a jacket, into which is 
introduced either steam fyr heating or cold water, for 
cooling. There are many different types of beaters, but 
a common form ponsists Vof an Archimedean screw 
working in a cenprdfl cylinder, over which the soap passes 
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during the mixing. Various materials, slich as Ijjprat, 
starch, carbonate of soda, sodium silicate, talc, sand, 
perfume, etc., can be added and thoroughly incorporated 
to produce the many ty2:)as of soaj) marketed. 

f^ig. 50 shows a sectional view o{ a soap crutcher 
such as is in common us^. 



For dealing with jolastic matt^rials such a«*soap, india- 
rubber, etc., and for the finishing of finotpaints, enamels, 
printers’ inks, and suchlike, tlie fine rdller mill is used. 
In some cases it Is necessary* jjrovide the rolls with a 
steam-heating arrangement, especially where a solvent i 
tha^ has been used is required to be eliminated. These 
fine rolls have afready been Jreated in a previous chapter, 
and refeitence should be made to theifj in connection with 
*the mixinff of materifilft 



CHAPTER III 

FILTERING APPARATUS 

Filtration is the name given to the procc?!>^s of separating 
solids from the liquids in which they are suspended, and 
although a fairly simple o|X)ration when conducted on a 
laboratory scale, it presents great difficulties when large 
quantities of material have to be handled. Development 
has been ajong the lines of speeding up the process, thu 
actual separation being still effected by the action of some 
medium such as cloth, pajier, asbestos, slag wool, glass 
wool, unglazed earthenware, sand, or other fine porous 
matcirial. 

The Bag Filter.— -Although only capable of dealing 
with comparatively small quantities of material this 
tyjK) of filter has a wide range ajiplication. As its 
^name implies, it consists cssentiAlly of a bag of woven 
cotton or ^milar n?aterial, into which the material to be 
filtered is placed, the liquor being allowed to ooze through 
the pores of the fabric, whilst the solid material is re- 
tained. 

In dealifig with materials of a sticky nature the bag 
filter has itsf advantages, and on this account it is found 
in use particularly in thq sugar industry. 

Fig. 51 showsf*an improved type of bag filter for 
filtering, sugar liquprs, ma’de' by Blak*, Campbell and 
McLean, Ltd., Glasgow. 

The top is mfde loose so ^hat, together with the dirty 
bags, it can be* lifted out of the filter cassing and taken 
by an overhead trolby or craVie to a washing tqnk, and 
another top . ready with clean bags fixed in its place. * 
•* 70 
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This arrangement saves much time andi obviates tb& * 
necessity of having to get inside the filter casing to remove 
the dirty bags. The above illustration shows a small 
bag filter containing forty-nine bags. The casing is of 
wit:)ught iron, and is fitted with a stcaAi coil and mount- 
ings, discharge cock, etc. 




Fig. 51.— -Hag Filter. 

The Filter Press .—Filter presses are used in a great 
variety of industries, and are generally r\!cognized in their 
present form as »providing t^e mosj: efficient means of 
carrying out this often -required operation. By the^ 
adot)tion of filter prosirlbs tlie following ’•advantages are 
obtained: ^1) The greatest possible filtering surface is 
secured,! together with tho^minimum space; (2) a large 
♦ variety of materials can be treated,* as they can be 
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iVlapted so tl^at the lAatcriai ian be fed into them at 
pressures ranging from a slight gravitational pressure up 
bo *10 atmospheres; (3) the joints between the filtering 
plates are under direct obser^vation and control, and 
access to the intertial parts is a simple operation ; (4) the 
solid matter can be washed free of any soluble matter 
which may be deleterious or may be worth recovering. 

Therb are two prificipal types of filter presses — ^viz., the 
plate and frame type, or frame press, and the recessed 
plate type, or chamber press. 

The Frame Press consists of a series of filtcT ing chambers 
formed by placing alternately a number of s{)lid plates 
and hollow frames in a suitable framework. The solid 
plates — which, like the frames, may be constructed of 
iron, woo(}, gun-metal, hard lead, aluminium, etc. — 
have both surfaces corrugated, to allow the filtered liquid 
to escape easily and at the same time give adequate 
support to the filtering medium, which usually takes the 
form of a filter cloth spread over each surface. The 
rectangular -shaped plattj is the one most commonly 
used, as it is the most economical of filku’ cloth, but the 
efficiency /)f the pressc^s dejxnds ppon the nature of the 
plate surfaces. It is here that Inanufacturefs differ in 
their consjbruction,* each being guided by the results of 
his own experience. 

The Premier Filterpress Co., London, has found, after 
many years’ experience, that vertical corrugations or 
ribs, with* horizontal ribs at the top and bottom, are 
the most efficient and provide ideal support for the filter 
cloth, besides helping tjhe filtered ‘liquor to get away 
easily and quiefoy. « ^ 

In this type of fijter plate ‘the ribs are quite smooth, 
BO that they can be easily cleaned, and are deep enough 
bo prevent the 'cloth sagging to •the bottom of the Cor- 
rugations and so prevent filtration. It4ias,been found 
by experience that a quartel^ of an inch is a niinimum 
satisfactory depth to which no filter cloth under pressure 
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can penetrate. Should tAe 'fibre of the filter cloth bq» 
weakened under the action of the material fllterefl, a 
perforated sheet is supplied to cover the ribs and gijre 
additional support, whereby the life of the cloth is con- 
sidorably lengthened. • 

When this type of press is closed up there is formed a 
series of hollow chambers,* each of which forms in itself a 
complete filtering cluimber. Since ail the chambers of 
a filter press commence working simultaneously, it is 
immaterial how many chambers are emjiloyed, except, 
of course, as regards the quantities of materials to be dealt 
with, so that, provided the means of feeding the presses 
are suitable and adequate, a press with a filtering surface 
of 1,000 square feet will fill in the same time as one having 
only 100 square feet of filtering surface. 

As a general rule solid matter does not form in a cake 
gradually built up from the bottom of the press, but 
forms on the surface of each plate and gradually builds up 
towards the centre, finally forming a complete cake. 

Where cakes are required having a thickness of over 
1 J inches or require a thorough washing, the frame press 
is the more suitable type to employ. A further advantege 
is secured by the ease ^th which the filter cloth is fixed, 
as all that is necessary is to cut a jyece of filter cloth ' 
rather more than double the length of the plate ^nd simply 
hang it over. This is possible owing to the feed passages, 
etc., being arranged on the border of the plates with 
ports leading to the interior of the chambers^. Also, in 
certain* cases the frame and cake can be removed and 
stored without breajdng up. * 

It is often found necessary *to wash* the cake when 
formed, either to remove^ (leleterious substances or to 
recover valuable soluble mattqf. F6r this purpose both 
plajes and frames are ^arranjged with channels foe feed » 
inlet, wash-watpr inlet and outlet, and a separate outlet 
— or outlet* taps — on each^ plate, for the filtrate. The 
^ usual aAangement is for the channel for the wash -water 
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■yilet to be nt^ade at the bottoni' of the plates and frames ; 
tlio "thi’ee channels for feed inlet, wash -water and air 
oil tie ts at the top; and the filtrate outlet at the bottom 
corner, opposite the wash-water inlet. 

The material to be filtered enters the chamber by moans 
of a iK)rt in each frame from the feed inlet A (see Fig. 52). 
The wash-water inlets and outlets, also the air outlets, are 
arrangcid so that the x)ort to the chamber is made only in 
alternate x)lates. By this aiTangemcnt the water enters 
at B behind tlie cloth on one side of eacli cake, and as it 
rises in the press ex 2 )els any enclosed air, which can 
escajje through the air outlet 0. 


C A O A CAD 



5‘2.-Fir.Ti:u Puf.ss Pr.Apis and Framks. 


» The water forms in a vertical wall behind the filter 
cloth, aiur passes evenly through the cake and away by 
the special outlet channel Ej on the opjwsite side of the 
cake to which it entci’S. This action is sometimes 
assisted by putting a siphon pipe on the wash-water 
outlet, so that even at the top of the press the wash-water 
is under a slfght head. 

A sj)ccial attachment^ or control apparatus is often 
placed on the wash -water outlet, in ordei: that hydrometer 
readings can bo taken of the specific gravity of the wash 
water, whereby the degree of washing can be checked. . 

Partial washing may bo done in any filter press by 
passing water through the ' feed pipe, but tlxp above 
arrangement of a frame press is the only method for t 
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thorough wasliing. WitJ/ tliis type a moiy even thiek,* 
ness of cake is obtained and the feed passage Heing 
arranged outside the actual cake, avoids the forniatipn 
of a core of material throughout the length of the press, 
which is not subjected to the action of the wash -water. 

The position of the feed channel is varied according to 
circumstances. When th^ solid matter is so heavy that 
the formation of the cake becomes xbnormal, the feed 
passage is placed at the top; whercas if the solid matter 
is very line and will not form a comjdete cake the feed 
is placed at tlie bottom, to allow of drainage before 
opening the press. For certain maUirials which refiiiii-e 
to be pressed at temperatures above or below the normal, 
plates are fitted having coils cast internally, through 
which steam or brine may be circulated at will. 

►Sometimes steam is admitted into the material itself 
by means of the cock on the feed inlet or the wash -water 
inlet. In other cases, in order to produce a drying effect, 
these passages are used for leading hot or cold air through 
the cakes when they are formed. As a general rule it 
is best to have a tap on each chamber, because it gives 
control, so that if the cloth bursts the trouble can be 
easily located. Z 

Fig. 53 gives a diagrammatic vievi of a frame press • 
made by Blair, Campbell and McJjean, Ltd., %r use in 
the sugar industry. 

Fig. 54 shows a plate? and frame ty[X) of filter press made 
by Manlove, Alliott and Co., Ltd., Nottinghai^^. 

The Chamber Press, or recessed plate ty^^* has plates 
which are made with raised edges, so that when they are 
placed together in a horizontal series e^ch pair encloses 
a chamber, the feed passage m a rule^being in the centre. 
This type is more suitable when materials are used which 
are liable to clog the passages pf a frame pfoss ; moreover, * 
when the press is opened the cakes can easily be hiade 
to fall oyt on to a conveyor' truck, o;* other arrangement 
•underneath the press. 




Sections, 
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Fig. 55 shows a recessed ‘t 3 ^e of plate mad^ by Manlove^ 
Alliott and Co., Ltd., Nottingham. The fixing of filter 
cloths in this type of press is obviously a more* difficylt 



operfition than is the ciy^e in a frame pryss. As before, 
the cloth is cut-in pieces rather more than double the 
length of thfe plate, but holg>s must be cut to correspond 

to the f^ed channel and the cloth fixed at this point. 

» • 
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.This can be <jffectcd by meahs’bf clips of the “ bayonet ” 
or ‘‘‘ screw union type, as made by the above firm 
ai)d shoum in Figs. 66 and 57. 



Another method frequently employed is known as the 
“ double clotli ’’ system, which employs two cloths sewn 
together where the feed-hole comes, one half being rolled 
up and i)assed through the centrethole and tho two eorres- 



Fig. 50. — Filter Clot;!! ^"i.ips; Uayj^nkt Type. 


ponding halves^ tied together by^ tapes at the top o^ the 
plate. This process can ho easily followed out by a 
reference to Fig. 58. In this type of press th^ cloth forms 
an efficient joint J)e tween the plates, which'’ ffrin it 
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between their edges, whereas the frame pres§^ necessitates^^ 
cuffs being slipped over the lugs, or grooves cut round'^the 
channel holes and india-rubber washers employed. , 
Fig. 59 shows a recessed type of filter press made by 
the above firm. 



Fio. ."i7. — Filtkr C'l.OTii Clips: Scukw Typk. 


The materials used in the construction of a filtci* 2 )ress 
depend upon the nature of the materials to bo filtered, 
but whore possible iron is used, on account of its greatei* 
strength and durability. Wooden ju’esst's are made 
equally as strong as iron ones, but they wear out more 



Fio. .W. — Filtkr Clotii: Fixing in llKCKssi’.rt Type. 

quickly; they can, however, be eimlf replaced at a 
small cost. 

A quick and efficient method of closing a filter press 
is one of the most important points in their design. There 
are various methods of closing the presses and keeping 
them tight during filtration and washing, but experience 



Fig. 50. — Filtku Pukss; Hkckssko 'Pypk 



Fig. 60. — FiLifeR Piiiiss; Central Screw ClosAig. 
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has shown that for presses up to 25 incjies square y 
central screw and handwheel, as shown in Fig. 60, wffch a 
lever or capstan bar for tightening up, is an effective 
arrangement and the least likely to get out of order. 
To avoid the long operation necessitated by a fixed screw 
centre, the Premier Filterpress Co., Ltd., provide a 
rotary screw which after* a few turns can be swivelled 
into any desired position. w ^ 


Fig. 01. — Filtku Phkss; Hack and Pjnion Closing 

For presses having plates larger than 25 inches square 
a single screw is hardly powerful enough, and it is here 
that manufacturers differ in their designs. ^ 

The standard arrangement of Manlove, Alliott and Co. 
is by rack and pinioq, with wheels operated^by levers for 
tightening up, as shown in Fig .‘•61, thq rack being con- 
nected to the loose head by a flexible joint, by this 
arrangement considerable simplicity dnd speed of opera - 
,tion, being obtained. 

Other types of closing gear, including pneumatic or 
hydraulic rdeans, as shown in Figs. 62 and 63, are em- 
ployed ill certain circumstances. 
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The feeding of filter presses* is most important, as in 
urddi* to produce the best results the flow of filtrate 
must be’ as uniform as possible. As the operation pro- 
ceeds, the resistance, owing to the formation of the cake, 
increases: hence •the pressure rises. This rise should be 
slow and regular, and should not exceed a definite 
pressure, dcptniding on the nature of the machine. The 
usual \nethod of ft»iding is either by a pump, which may 
be belt, motor, or steam driven, or by means of a forcing 
ram worked l)y compre'ssed air. If ])umpB are used, those 



Kk;. 02. Fiiteu Press; Comimiessed Air Closing. 

having either ball valves or wing rotating valves are 
most suimile; and wliereas for small rpjantities a double- 
acting single -plunger pump is good enough, yet for large 
quantities tlfe tliree -throw pump, which gives a regular 
flow, is the one be adopted,. 

A more expensive methud^of feediijg is by Montejus 
and air compressor,* but it is not surpassed by any other 
method for steadiness of pressure# When using a Montejus 
the gauge will rise quite regularly all tihe way through, 
and if an air receiver is used between the Montejus and 
the compressor a dlidden variation in nressiire Is R.lnnn«f. 
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impossible. All pumps used for feeding Ifilter pressed 
should be provided with air vessels both on the suction 
and the delivery side, a pressure gauge in the top of the 
delivery air vessel, a safgty valve adjustable to blow 
off* at a definite pressure, and a stond trap to prevent 
foreign substances reaching the suction valves. 

To use the same pump for both washing and feeding 
is not good practice, and separate puifips for thesc*duties 
will bo found the most economical in the long-run. 



KiCi. G:J.- -P'lLTER rilKSS: IIVDKAOLIC Ham CI-OS^NG. 

As a rule filter presses are square in section, although 
many having circular jdates are on the market. The 
, latter have an clement of additional strength which is 
discounted by the action of the safety y^lVe on the 
delivery side. Although the tejidency to buckle is less 
than in the case of square? pkites, andVtight jointing is 
easily obtainable,* yet, as the? duty eif a filter press is to 
filter, the great waste of filter ftloth — ^nearly 25 per cent, 
of the cloth needed for fhe sjtme diametet square plate — 
and the eqjii valent loss of filtering surface more than 
balance jahy advantage the round type may have over 
•the square type. 
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Provided presses 
liabiKty to leak, no special skill is required in their 
assembly, and after a few runs any average hand becomes 
quite competent to look after the plant in a satisfactory 
manner. * 

Centrifugal Machines. — The work of this machine 
differs from that of the filter press in that it mainly 
consists of removiftg moisture which adheres to solids, 
and not, as in the latter case, separating solids from an 
excess of moisture. * 

It is included amongst filtering machines because 
actual separation is effected by means of a filtering 
medium, the action of centrifugal force being merely to 
accelerate the operation. It finds its greatest use in the 
drying of .crystals by throwing off the adhering mothoi 
liquor, and for this jDurpose is largely employed in the 
sugar industry. 

It is capable of very extended applieation, but as it 
requires very careful workmanship, considerable skill, and 
expt^rience in running it if accidents arc to be avoided, the 
result is that many manufacturers are unable to take 
full advantage of this means of separation. 

The centrifugal machine consists essentially of a 
cylinder ^ith an •adjustable j)erforated circumference, 
fixed to a vertical shaft which is rotated at a high speed. 

As the cylinder and its contents rotate, the latter is 
driven by centrifugal force to the circumference, where 
the perforated screens retain the solids and pass the 
liquids. i * 

Fig. 64 gives a section through a “ Weston ” type of 
centrifugal basfyt and quter case, showing also the, 
central discharge with va^ve and inside and outside 
steaming arrangement. 

This machine is largely, made by Pott, Cassels .and 
Williamson, Motherwell, Scotland, andr Fig. 65 shows 
the various types of linings 'which this firm supply for 
use with thf) baigiyts. In actual practice three linings^ 
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are used: a 4-mesh plahi woven iron litj^ng next the 
basket shell, then a 7-mesh plain woven lining,* and 
an inner lining of perforated copper sheet with ^conipal 
oblong holes. 



Eor special work, linings ^of perforabid copper sheet 
with conical round holes, of 26 or 30-mcsh twilled woven 
copper or dt spiral woven brass (Lieberman lining), may 
,be used. 


Fig. 64. — “Weston” Centrifugal Basket: Section, 
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The spindje bearing is jferhaps the most important 
parfr of the centrifugal, as it has to do continuous heavy 
W9rk at' high speeds with a minimum of attention. In 
some cases the load is about 1 ton with a speed of 750 
revolutions a mip.ute, and the machine has to work day 




Fid. 6, 5 . — Types of Linings j^oii Baskets. 


and night for months on end. It is essential, therefore, 
that the wearing pavts should last for a very considerable 
time and that the cost of repairs should be small. 
Figs. 66 and 67 show a solill spindle with compound ball- 
l)earing and a patent sleeve and ball-l)eariii'g spindle as 
made by this same.fii’m. In this latter case Ixflh sleeve 
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and ball-bearing run in itn oil bath, and ijo adjustment 
is necessary. 

The actual power used in driving a centrifugal* machjno 
is not only determined by the amount required when 
running at speed — a comparatively snmll amount in the 



case of a well-balanced machine — but also by the time 
allowed for accoleratioji. In practice tjie average time* 
allowed for acceleration is two minutes, and the b.h.p. 
required is* calculated on this basis. If a shorter period 
of acce/eration is desired, there must be a corresponding 
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increase of j^ower available; and for a longer period a 
smaller amount will suffice. 

Power is usually transmitted to the centrifugal from 
the prime mover, in most cases a steam engine, by either 
a belt, electric nv^tor, or wat6r. 





With the belt drive the centrifugal counter-shaft is 
f driven by an engine or, as a variation, Jt may be driven 
by an electric motor. A method which has been adopted 
for many years for starting up contrinigale and other 
high-speed machines is to transmit the powe!? to the 


FILTERING APPAftATUS 89 



Fig. 68.’— Centbifugai. Friction Pulley 
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^centrifugal through a frictidn <pulley such as is shown in 
J'ig/ 68. 

^By this means the machine is started without undue 
strain on the driving belt, and may, within limits, be 
adjusted to give, different times for getting up speed. 
Anyone who has the driving of a centrifugal in hand 
must be thoroughly acquainted with the working and 
adjustment of a friction pulley. The type of friction 
pulley illustrated can be adjusted in the following 
manner; First put the clutch in the off position close up 
to the driving ai’m, screw the nuts behind the springs 
toward the centre of the pulley as far as they will go, and 
remove the loose caps from the ends of the driving arms. 
Screw the arms into the leather -faced friction pieces until, 
when each friction piece is pulled as far as it will go 
toward the rim of the pulley there is a clearance of about 
yV inch between the leather face and the inside of the rim. 
This ensures that the frictions will come quite clear out 
of gear when the clutch is in the off position. Rcj)lacc 
the loose caps, wliich are provided with toes between 
which flats on the screwed arms slide and prevent the 
rods turning. As adjusted above and without bringing 
the small sj^iral springs on the ar?as into play, the friction 
may grip too fiercely and throw off the belt or accelerate 
the centrifugal too quickly. In such a case screw the 
nuts on the rods towards the rim of the pulley so that the 
springs take some of the centrifugal force off the arms, thus 
reducing the friction and giving a lessened pull on the belt. 
The amount of compression on each spring should be 
approximately the same, and the travel of the clutch should 
not exceed 1 irch, which is determined by the correct 
setting of the lo\)se collar! 

In the case of electric -driven centrifugals the friction 
pulley is used jrith a D.C. motqr, but. in the case of an 
A.C. motor a flexible coupling is used to connect the 
motor to the centrifugal spindle. This typo of motor 
has other advantages in that there are no comhautators^ 
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or brushes to wear and the fepeed is consta]y.t. It is welj 
to note that in A.C. motors the available range of spee(fs 
depends on the frequency, and it is necessary to ’bear this 
in mind when deciding on the frequency. The talble 



Fig. 69.^-“ Wkstoij ’’.Centrifugal Machine. 


given below giyes the^ pcssible synchronous speeds for^ 
some common frequencies,* the actual* running speeds 
being ab(?ut 4 per cent, less than the S3mchronous 
speeds.^ 
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vj,nd so revoltes with it. Tfie^uppor parts of the motor 
case^^^have flanges projecting towards each other, forming 
diaphragms to prevent the water spray from getting 
over the top, so that there is no possibility of the spent 
water going anywhere except through the return pijx), 39, 
back to the water tank which supplies the pump for 
driving the machine. The top of the water wheel, on the 
face orf which ther water cups 5 are secured, revolves 
between the diaphragms on the top of the motor case. 
To prevent any alteration in the position ef the cups, they 
are fitted into a groove on the face of the wheel. ^I'o 
obtain maximum efficiency they are carefully machined, 
have knife edges, and arc of j)arabolic form, proptudy 
relieved on the bottom for the escai)e of the sjxjiit water. 
Further, as the wheel docs not oscillate, these cups always 
maintain Ibhe same jx:isition relative to the water jets 
6 and 7, which are screwed into the inlets 8, provided with 
inspection plugs 41. The inlet bends 8 can be easily 
and quickly removed and a choked jet readily cleaned. 

On the bottom of the water wheel is bolted a driver 25, 
which encloses the governor balls 19 in an oil-tight cavity 
below.thc ball-bearing. This cavity is partly filled with oil 
through tlie oil cui) 43, which lubricates the governor pins 
23 and the ball-beai'ings 21 and 10. The governor 
spindle 2f, which is a tube for the passage of the oil, has 
a ball-bearing 21 at the bottom and a collar 14 at the top. 
The governor balls are held in the “ off ’’ position by the 
springs 20, which are of such strength that when the 
machine attains full speed the centrifugal force' causes 
the balls to 'fly outwards and mov/3 up the spindle 24 
by means of the<*levers 22. ^ On the top of the motor case 
cover is a fulcrum 16 for the Ipver 15, f?t the shorter end 
of which is a swivelling, cross-head 18, through which 
passes the governor rod IJ, adjusted* and secured by 
two nuts. 

When the machine attains full speed the governor rod 
is forced by^meanrfof the levers, and releases a trigger,. 
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which cuts oif the waters from the accelesjating jet 6^, 
leaving the smaller jet 7 to maintain operations. 

To the underside of the beam is attached the centrifugal 
suspending block 37, into which are fitted india-rubber 
bufl^r rings 35, separated by a loose cast-iron ring 36. 
Thus top and bottom buffers support the weight of the 
basket, which is attached ^to the lower end of the centri- 
fugal spindle 38. By this means gjjpat resiliency and 
steadiness are obtained when the machine is I’unning 
with either a balanced or an unbalanced load, and also, 
as the buffers are separated by a loose ring, any wear on 
the bottom buffer is compensated by the compression 
caused and is self-adjusting. 

The ball-bearing housing 34 fits inside the india- 
rubber buffers and contains the compound ball-bearing 33, 
secured by a nut 32; the inner part of the ball-bearing 
is secured to the centrifugal spindle by the top nut 28 
through the brake casting 20. To permit of the oscil- 
lation of the centrifugal spindle and the basket, the water 
wheel, which does not oscillate, is connected to the brake 
pulley on the top of the spindle by leather links 27, the 
eyes of which are slipjjed over the points of the driving 
pins 26. Thus a strong flexible coupling is formed and 
one which permits of the motor or, centrifugal being 
detached as desired by simply slipping off* wie links. 
The brake band is supported by angle iron feet which 
rest on a flange in the bracket 37, so there is no possi- 
bility of the band drooping unecpially. The f^et on the 
brake band are so arranged that when the brake is off 
an equal space is left all round between the band and 
the pulley. 

As is well known, the poorer to accelerate a machine to 
full speed quickly is much greater than is required to 
maintain it at full speed; consequently ^ach centrifugal 
is provided with, two water jets, a largo one and a small 
one. When starting the machine both jets are required, 
and when full speed is reached thi small jet only is 
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^pocessary to (Maintain full sped-d. It someti^ies happens 
that when the centrifugals ai*e worked irregularly all 
thp machines may be accelerating at the same time, 
requiring an amount of water largely in excess of normal 
requirements, and for this reason pumps have hitherto 
been made very large. 

Fig. 71 shows two machines interlocked by a special 
gear made by this firm, and so arranged that not more 
than one lialf of the machines can be accelerated at the 
same time, thereby reducing the size oft the pump con- 
siderably, without in any way reducing the output. In 



Section. 


ordinary practice each pair of machines is interlocked, 
so that wjion one machine is started the other machine 
cannot bcrstarted until the first has attained full speed. 
As the machines are usually arranged to accelerate 
in two minutes,"’ and the cycle of operations will occupy 
at least six minutes, the interlocking,, gear ensures the 
machines being worked in proper rotation without 
interfering with the output. The advantages of this 
method will be evident from the following comparison 
of the maximum pump demand for a set of machjnes with 
and without this interlocking gear. 
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For instance, a set of nlachines which ari interlocked* 
in pairs, and require a pump 9J inches diameter, would 
require a pump 12J inches diameter otherwise, provided 
the maximum pump speed the same in both cases. In 
other words, the maximum pump demahd is 66 per cent, 
more. When a more rapij^ acceleration is required, three 
machines are interlocked, in which case a pump 11 J inches 
diameter would do the work instead of a pump 17 inches 
diameter, which represents an increase of 130 per cent. 
It should also bo remembered that in most cases the 
steam cylinder is at least twice the diameter of the 
pump, and the smaller the pump the smaller the steam 
cylinder. 

The following cases extracted from a list given by this 
firm affords useful comparisons. 


0 


1 


Diameter and 


! 

Capacity 
{Cubic Feet). 

Depth of Basket 
{Inches). 

JIB.M. 

; Average B.II.l*. 

1 

1 

24: xU 

1 

1,500 

2 

1-85 

48x20 

750 

5-25 

. 10-7 

60x24 

60a 

• 

10 

- 16-6 



CHAPTER IV 

DRYEiAS AND EVAPORATORS. 

Although the bulk of the moisture in a material has been 
removed by means of the filter press or the centrifugal 
machine, a certain amount still adheres, which can only 
bo removed by evaporation in contact with air heated 
to as high a temperature as is possible, consistent with 
economy and the nature of the material. 

The three systems of drying most commonly in use 
are: 

1. By direct heat from a fii*e. 

2. By radiated heat from steam pipes. 

3. By warm air circulation. 

Machinery for using direct heat from a fire has only a 
limited ^application, owing to %c risk and the liability 
of damage to the material, although for substances such as 
sand the, method is very effective. Wherever possible 
waste heat should be utilized, so that in the case of 
materials which are not easily burned or scorched or 
damaged by contact with gases the flue heater provides 
an effective and economical drying means. 

A common form of flue heater consists of a cast steel 
or iron trough placed oj'^er a flue of furnace, the material 
being propelled 'from one" end of the trough to the other 
by a worm, which is also made to act als a stirrer or turner 
over. These troughs are of. varying diameter and 
lengths to suit the mateiial to be treated, and can be 
open or enclosed and connected with a fan if necessary. 

The lack of any, very effective control is one o'f the great 
disadvantages «'f this method, so that it is ?;»pt to he 
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wondered at that the ease?)f control of steanf has rendered 4 
that substance the principal heating agent in dryers* and 
evaporators, apart from the fact that it allows of the 
utilization of much waste, heat. 

Steam may be used for drying or eva*porating by being 
passed through pipes inynersed in the material to be 
dried, by forming a steam jacket round the container, 
by heating an inner drum round which^the material^asses, 
or by a combination of these methods. Frequently 
the drying prodess is combined with mixing and milling, 
according to the nature of the material used. 



Fig. 72. — “Firman” Duykr: Longit#i)inal Se(:|'ion. 


The rotary form of dryer is undoubtedly one which 
finds the greatest application in the chemical industry. 
In its simplest form it consists of a cylinder# or drum, 
steam-lfeated, containing the material, whieh can bo 
rapidly and uniformly presented to the stieam heat by 
rotating some part of the appiiratus. Materials such as 
slaughter-house rtfuse, blood, ofial,^ condemned meat, 
fish and vegetable matter can ‘be turned into valuable 
manure by means*of a dfyer %s shown in Figs. 72 and 73. 
^ This is a “Firman” type made by Manlove, Alliott 
and Co., ^td., Nottingham, which is designed for taking 
^mi-liqmd material and delivering it piixed and dried 
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i^eady for the!? market. It con^sts of a horizontal st^am- 
jackfoted cylinder, the internal circumference of which is 
cojitinually swept by moving scrapers or paddles. The 
material being treated is kept in constant motion, being 
lifted up, turned*" over, and allowed to fall again, pre- 
senting fresh portions to the ^eated surface and giving 
the steam and vapour a better opportunity of escaping. 

The* tempera turej at which the material is dried can 
be controlled by regulating the steam pressure, and so no 
injury is caused by excessive temperature,* as is frequently 



Fio. 73 . — “Firman” Dryer: Cross Section. 

the case )yith fire-heated machines. The body of the 
machine consists of a double cylindrical shell Suitably 
stayed to withstand a working press^aro of 40 pounds per 
square inch, the ^pace feej^ween the two shells forming 
a steam jacket. A massive c^st-iron plate at each end 
of the drum is fitted with(.a gland, bracket, and plummer 
block for supporting the f^enticl shaft of mild steel, 
which carries cast-iron arms having knife-edge steel 
scrapers at their outer ends. A charging door^is fixed 
in the top orpne end of the machine, an outlet door in the 
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bottom, and a vapour outtt t at the top. A draining valv^ 
connected in two places and a steam inlet valve, togdthei 
with the usual pressure gauges and safety valve, complete 
the equipment of the steam^ jacket. 

Kig. 74 shows a cross-section of a dfyer fitted with e 
central steam drum extending the greater part of its 
length, and Fig. 76 that of a combination of the steam 
jacket and internal drum. These machines are suitable 
for granular substances such as beer and distillery grains, 
earthy and other colours, coal, sawdust, peat, etc., or 
substances which have a low moisture content. 



Fig. 74. — “ Hersey ” Rotary 
Dryer: Cross Section. 



Fig. 75.— CoMBiNATibN Rotary 
Dryer: Cross Section. 


In these cases the plan of operation is for a current of 
air heated by passing through a steam-heated^ air heater 
to be drawn through the cylinder by means of a fan. 
The material is fed, by hand or automatically, and is 
lifted by the shelves and ^ainefi dowi^ through the hot 
air, to which it ^ives up^ i^s moistur^. Owing to the 
cylinder being set at an angle, ;the lAaterial passes down 
r.in the opposite directiorfi to Jbhe air cunpnt, so that the 
' driest material, comes in contact with fresh hot air, 
effectively Removing the last traces of moisture, while 
, befo^« '^a^npes it comes in coAtact with the fresh 
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^et product# which cools it tpo the lowest temperature 
consistent with the proper carrying away of the absorbed 
moisture?. 

The temperature of the air used in this class of plant 
is about 120° te 200° F. — ^tfee temperature in genj)ral 




Fig. 77.-*-G.A. Drying Plant: Rig^t Angle Drive. 

A, rotary dryer; R, air heater;^ G, fan; D, feed apparatus; 
Ef air pipes; r, path rings; &, discharge hood; R, driving 
pulleys and gear; ,7, air inlet; E, ait* outlet; R, rollers; 
M, dust separator. 

use being about 150° to lto°F. measured close to the 
heater. In dealing with material of a pjwdery or dusty 
nature the dischargo from the fan may bo led to a large 
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settling room, or a cycloije or other separator may be 
used. 

The main factors governing the size of plant for a given 
output are — (1) The quantity to be dealt with per hoifr; 
(2) the initial and final moisture percentages; (3) the 
speed of the air current wliich can be employed without 
carrying away too much fmaterial in the form of dust; 

(4) the temperature which can be safely employed; and 

(5) the ease with which the material gives up its moisture. 
Where a very lojv final moisture is desired, or the material 
dries slowly, it is better to have an extra long dryer. 

Figs. 76 and 77 show the general arrangement of drying 
plants with parallel and right-angle driving gear respec- 
tively. 

Drying by warm-air circulation forms the basis of the 
Sturtevant system. A fan passes a volume of air through 
^ self-contained heater placed outside a drying room; 
this air is led through a system of pipes and distributed 
in the drying room, a positive circulation of warm air 
being maintained, and the heat necessary for evaporating 
the moisture in the materials is carried into every part 
of the room. The advantages claimed for this system 
are — (1) The temperature can be varied without affect- 
ing the volume of the air circulated; (2) the humidity 
of the air supply can bo varied by reci/culating ]^rt of the 
moist air from the drying room; (3) the volume of air 
circulated can be regulated by varying the speed of the 
fan or by dampers. 

This jnethod is particularly suitable for the* drying of 
wool, flocks, rags, fibre, and similar substances, whore 
it is important that there should be no ri^k of fire. 

When air Is brought in conibact with*a wet substance 
some portion of the moisture is absorbed by the air, which 
has an increasec^ capadty witii increased temperature. 
For any particular temperature there is a limit to the 
amount of •moisture the air will absorb, and when this 
limit is Reached the air is said to be satoated. Saturated 
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^air 18 obvioi^fly useless as a diiying agent, but by raising 
^he ^temperature of the saturated air it becomes capable 
of taking up more moisture before it again becomes 
saturated. In other words, the higher the temperature 
of the air, the better drying agent it becomes. The limit 
of temperature usable depends, of course, upon the nature 
of the material to be dried. ' 




Fig. 79. — ^Typical^Guide Chart. 


An important part of the Sturtevant system^ is the 
recording 6f the humidity of the air in the drying rooms. 
This is performed by a aolf-recordiiig hygrometer which 
has wet and dry' bulbs (metallic expanding coils) which 
actuate two pens against d revolving*' drum carrying a 
^ guide chart, as shown in Figs. 78 and 79. 

The following table is then found necessary in order ; 
to calculate the humidity of the air used : 
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Difference between VfET Bulb and Dr^I Bulb in 
Degrees Fahr. , 



2 

4 

6 

8 

10 

12 

14 

16 

18 

2,0 

Dry Bulb 

o ^ 


Pereentage*of Moisiure in^Air, 




60 

89 

78 

68 


49 

40 

31 

22 

14 

6 

70 

90 

81 

72 

64 

56 

48 

40 

33 

26 

20 

80 

91 

83 

76 

68 

61 

5^ 

47 

41 

m 

29 

90 

92 

85 

78 

71 

65 

59 

53 

47 

42 

37 

100 

93 

86 

80 

74 

68 

62 

67 

62 

47 

42 

no 

94 

87 

81 

76 

70 

65 

60 

65 

50 

46 

120 

94 

88 

82 

77 

72 

67 

62 

58 

54 

49 

130 

94 

89 

84 

78 

74 

69 

65 

60 

56 

52 

140 

9r> 

89 

84 

80 

75 

71 

66 

62 

58 

65 

UiO 

9.5 

90 

85 

' 80 

76 

72 

1 68 

64 

60 

56 

160 

95 

90 

86 

i 81 

77 

73 

j 69 

66 

62 

58 

170 

96 

91 

87 

1 82 

78 

74 

1 70 

67 

63 

60 


a The actual amount of water in a cubic foot of air can 
then be found from a chart, as shown in Fig. 80. 

For example : 

The dry bulb thermometer registers 1 40° F. 

The wet bulb thermometer registers 122° F. 

Difference. 18° F. • 

• • 

Percentage of metis ture (from table), 58 per cent. 

Moisture per cubic foot (from ciiart), 33f^grains. 

The process of drying timber provides an example of 
the method of working, and flexibility of this system. 
The seasoning of timber not only affects the moisture 
content, but also goes deeply into the quality qf the wood 
— its workability, ijs cell strength, etc .-►for in green 
wood the moisture is divided between ^the cells and the 
cell walls. The Jree water in the cell^or pores can be 
removed without affecting thejphysfcal structure of the 
wood, but it is otherwi^s in the case of ^he water in the 
cell walls. Successful drying of timber depends upon ; 
the foll^wihg fundamental conditions: Gentle heat in’ 
combination w^th sufficient moistufe to prevent case 
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hardening; ^n ample circulation of air, so that the humid 
heal) is carried to every part of the timber. The moisture 
should be evaporated just as quickly as it comes to the 
siirface of the timber, and there should be no great 
temperature drop throughout the pile or in each piece 
of timber. By this system, when one particular kind of 
wood has been dried, the parttoular guide chart — for the 
same thicknesses of wood — can he used subsequently. 


Percentage of Humidity. 



Fig. 80 . — IIygbomktric Chart. 


All that need be done is to put the chart on the drum 
of the hygrometer and manipulate the dampers so that 
the pens of the i*ecorder will follow the lines of the chart. 
Warm and cold air dampers govern the top line of the 
diagram, and tjj^e moist air damper and sprayers control 
the bottom line. 

For large and regular outputs of planks, barrel staves, 
and suchlike, a progressive type of dryer is used. This 
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consists of one or more tjinnels of brick o| concrete to^ 
reduce heat losses by air leakage to a minimum, jvitll 
rails running longitudinally, the wood being piled on 
trucks which move through the tunnel against the air 
current. The arrangement is such that whilst the wood 
that is nearly dry is in contact with warm dry air from 
the fan, the green wood *at the other end meets moist 
tepid air which has been cooled and moistened by passing 
over the wood of the first waggons, \vhenever a load is 
taken out dry, ^ load of new wood is put in at the other 
end, all the waggons moving one stage forward; thus, 
progressively, the wood is diied in a suitable atmosphere. 

The air duets are usually placed underground and con- 
structed with brick sides and concrete base, the top being 
arched over with brick or covered with stone or concrete. 

The drying apparatus consists of — (1) A fan for pro- 
ducing circulation driven by a direct coupled steam 
engine, electric motor, or belt; (2) a heater for heating 
the air by live or exhaust steam or a combination of both ; 
(3) a steam trap to prevent the passage of steam, or an 
automatically controlled pump and receiver to return the 
water of condensation to the boiler; (4) steam and^wato 
sprays for supplying sd^h additional moisture *fco the air 
as is necessary. 

For drying different thicknesses ancf sizes of tAnber and 
also different kinds of wood, especially hard woods, three 
main distributing ducts are provided in the compartment 
dryer for the supply of warm dry air, cold d:^ air, and 
moist air. The supply to each compartment can be 
controlled from a central board placed • conveniently 
outside, as shown in Fig. 81, which is a.plan and eleva- 
tion of the triple frying system. 

The timber, if a hard woodj is fii*st subjected to the 
, action of moist epol airland the humidi^ is maintained 
while the temperature is slowly raised, thus gradually 
removing \^ater from the heart of the timber without 
drying fiie skiiy The humidity is •then gradually de- 
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^creased and ?he temperature rdsed, and when the drying 
is nearly complete warm dry air is admitted to finish off. 

In th6 above illustrated system the fan takes fresh 
air, part of which is delivered through a by-pass valve, 
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into the cold air duct, the remainder passing through 
a heater to th^ hot air di^ct. A second fan draws the 
moist air from the drying chambers through the return 
duct, and delivers any desired percentage of it ^o fhe moist 
air supply duct. 


Fig. 81 — Sturtevant Tripi.e Duct Dryer; Section. 
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By adapting the apparatus to suit Ihe differeni^ 
materials this system has been successfully used to •dry 
asbestos, casein, copra, explosives, fruit, glue, 'leather, 
phosphates, rubber, soap, sugar, white lead, and wood 
pulp, to mention but a few. • 

Vacuum Dryers- — vacuum dryer is a machine in 
which material is dried under reduced pressure, whereby 
a considerable reduction in time and <txpense is effected. 
The temperature at which a liquid changes rapidly and 
violently into a Vapour, or, in other words, boils, depends 
upon the pressure upon its surface. By reducing the 
pressure in a drying machine and maintaining it at any 
desired level, the moisture, usually water, in the material 
may be briskly evaporated at a convenient low tempera- 
ture, so that waste steam of low temperature may be 
usefully employed. Not only is this method quick and 
ebonomical, but it possesses the further advantage that 
it is possible to dry rapidly substances which would be 
decomposed or otherwise injured if raised above a certain 
definite temperature. 

There are three main types of vacuum dryers adapted 
for different classes of njjatorials, as follows : (1) The shelf 
type for materials whicff do not require stirring ; (2) the 
rotary type for materials which reqvire stirripg; and 
(3) the drum type for material which readily forms a 
film on the drying surface. 

Fig. 82 is an illustration of a vacuum shelf dryer, 
made by Francis Shaw and Co., Ltd., Manchespter. The 
chambef itself is a heavily ribbed cast-iron box, in one 
or more sections as mecessary, Jiaving the* faces where 
the joints aie to be made, accurately •^achined. The 
doors are also of* cast iro*,* securely attached to the 
body by double swing jpinges find accurately balanced 
for easy manipulhtion. * To • obtain an •air-tight joint 
when the dqor is closed, a rubber ring is fitted into a 
^groove om the inside skirting and njakes contact with 
the macjiined fencing on the body. Jor the purpose 
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cpf control, fcspection windo<!Vs are fitted so that the 
material can be kept under observation during the 
drying operation. 

_11 < “ 



The heating chests or Shelves are made of rolled mild 
steel plates, flu«ih -riveted at thti- edges ‘through a welted 
ring, and stayed all over to withstand a working pressure 
of 60 pounds per square inch. Each shelf hap its own 
independent, steapi feed and exhaust comiections, made ofi 


Fig. 82 . — Vacuum Shelf Dryer 
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stout hydraulic piping beAt to allow for expansion an(> 
contraction and coupled to mains fitted in recesses. 
These shelves are arranged to give complete ^drainage 
and allow of uniform heating. A qast-iron vapour pipe 
leads from the top of the stove to the* head of the con- 
denser, which is of the vertical multitubular typo, con- 
taining copper, brass, or iron tubes expanded into end 
plates at top and bottom. The condenser case is bf cast 
iron fitted with condensing water inlet at the bottom 
and outlet at the top, together with all necessary valve 
fittings. The receiver is a cast-iron vessel divided into 
two compartments connected by a by-pass valve, by 
which the liquid in the lower compartment can be drawn 
off without breaking the vacuum throughout. Inspection 
windows are also fitted to this vessel so that the drops of 
water falling from the condenser can be seen during the 
drying operation. 

The method of working a shelf dryer first of all is to 
warm up the shelves by admitting steam or hot water, 
as the case may be. The material to bo dried is placed to 
a depth of 1 to IJ inches on trays of galvanized or 
enamelled iron, wire ^netting, copper, alumpiimn, or 
earthenware, having a ^epth not greater than 2 inches, 
as the shelves are about 2J inches t apart. T^c trays 
are then placed on the shelves and the doors closed by 
means of handwheels. Provided that the doors fit 
perfectly, the handwheels can be swung clear as soon as 
the gauge registers 10 inches, when the excetfs external 
pressure is sufficient to hold the doors in place. The 
vacuum pump is no w started, apd in a short time drops 
of water can be seen through the iil^pection window 
falling into the bottom chamber of^ the receiver. Cold 
water is then admitted {o the condenser, and a sufficient 
flow maintained* to ke^ the bottom erf the condenser 
cool to the fouch. To obtain a constant drying tempera- 
ture inside the stove the steam or hot water inlet must be 
adjustejj as required. The end poij^t of the drying 
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operation is indicated by the mot that no more drops of 
water are observed falling into the receiver, or by a 
decided Hse of temperature registered by a thermometer 
in the body of the stove. The operation is then stopped 
by closing the vacuum valve and shutting down the 
pump. To avoid loss of material the air must bo ad- 
mitted gradually through a vacuum break valve in the 
door, until zero is jecorded on the vacuum gauge, when 
the material can be taken out and the stove lecharged 
with a fresh set of shelves already prepared. 

These stoves are made in all sizes from 10 square feet 
up to 3,000 square feet of heating surface, and may be 
combined in the form of a battery if required. 

This type of machine is used for drying aniline dyes, 
pigment colours, explosives, fine chemicals, malt extract, 
carbon brushes, white lead, beta-naphthol, salicylic acid, 
drugs, mica sheets, foodstuffs, etc. 

For substances which have a tendency to form a film 
on the surface of the dryer, and for such substances as 
sulphate of zinc, nitrate of ammonia, dyewood and 
tannin extracts, glue solutions, albuminous substances, 
milk, yeast, pastes, eggs, vegetable and meat extracts, etc., 
the drum* dryer is the more suitajCle machine. 

Fig. 83 illustrates a vacuum drum dryer as made by 
J. P. Devine and Co., Buffalo, working under what is 
known as the Passburg system. Briefly, the apparatus 
consists of a cast-iron outer casing, in some cases tinned 
inside or lined with copper or other suitable material, 
inside whish revolves a hollow drum or drums made 
of cast iron, gun-metal, or bronze, This drum is care- 
fully balanced, heated internally by hot water or steam, 
and the outside is machined and polished. If hot water 
is used as the heating medium, drying can be conducted 
at as low a temperature ps 63^ F., and in the case of 
steam 1*2 pounds of steam — ^including- steam used for 
motive power if the exhaust is used for liea^ing the 
chamber — ^will evaporate about 1 pounc^ of water. The,, 
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inlet supply is regulated feo that the mateiftal inside th^ 
casing remains at a constant level, and shield iings 
prevent the material from coming in contact 'with Jho 
end of the drum. , 

A rapid and uniform drying is effected, because the 
wet material is spread upon the stcam-hi‘ated polished 
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IMG. 83. — ^VACue.M Drum Dryer. 


drum in a thin film of i Jodnchbr loss.* The conduction 
of heat through tiie metal driyn to the material on its 
surface is very rapid, and the5 water is changed under 
vacuum into vapc^ir of aliout 104® F. to 12ji® F. Materials 
containing as much as 88 per cent, of water are dried in 
eight seconds without overheating, and the water is 
.evaporated from^ the material at a tenjperaturc of from 
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^ MI 70 p. to 9^^ F., according to ftie vacuum in the apparatus 
of 5!6| inches to 28 J inches. 

< It is well known that the greater the difference in 
temperature between two materials placed in contact, 
the more rapid is the flow of heat from the hotter sub- 
stance to the cooler, so that if the water in the material 
is kept at a low boiling point by maintaining a high 
vacuilm, the hcaf from the steam is transmitted more 
rapidly than if the boiling point be several degrees 
higher. Even though the drum be heaVd by steam of 
230° F. or over, the material being dried cannot get 
higher than the temperature at which the water boils 



under vacuum, because the heat is used to convert the 
water into steam, and thereby rapidly evaporates it out 
of the material. 

The rotary vacuum dryer follows the lines of the non- 
vacuum type previously described, 'but with the addition 
of an evacuating“plant. Herfe, again, the machine usually 
combines the work, of a ball mill or niixer, or both, with 
that of drying. ^ 

Fig. 84 sho*i 7 S a section of *the ‘‘ Johnstone ” dryer 
made by Manlove, Alliott and Co., ‘Nottingham. It 
consists of an enclpsed vacuum-tight vessel with a dome- 
shaped cover y^hich carries a seraph, agitator, and 
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driving gear. In the cover is placed a large circjilar^ 
charging door, which is provided with shackles for 
tightening on to a joint ring of asbestos or rubber. The 
body of the machine has fiteam-jacke^d parallel sides 
and 'flat bottom capable of withstanding 40 to 60 pounds 
per square inch. In the * bottom of the machine is a 
rectangular hinged and balanced door, opening down- 
wards, for discharging the dried ma^terial as required. 
A thorough and speedy drying is ensured, as the material 
is continually broken up and turned over by revolving 
scrapers and rakes, thus preventing an impervious crust 
forming and hindering evai)oration. 

Eig. 85 shows a combined vacuum dryer, mixer and 
ball mill, made by Francis Shaw and Co., for treating 
delicate chemicals, organic acids, and all substances 
where metallic contamination is to bo avoided. It 
consists of a fixed steel casing designed for heating by 
steam or gas, inside which is fitted a one-piece stoneware 
vessel, supported in a steel cage having a hollow trunnion 
at one end connected to the vacuum pump. 

One pf the disadvantages of many drying' machines is 
the loss of time in chaij^ing and discharging, and several 
makers have evolved a more or less efficient continuous 
apparatus. 

Fig. 86 shows a continuous “ cone " vacuum drying 
plant made by this same firm. The body of the machine 
consists of a steel cylinder, jacketed all round for steam 
heatingj and having a hopper fitted at the top ot one end. 
At the base of the hopper is a vacuum-tight Rotary device 
for receiving the wel material and delivering it to the 
conveyor worm inside the* dryer. A similar hopper is 
provided on the undersidd 6f 'the machine, connected 
through a wheel valve to a receiver provided with in- 
spectioi^ windows and manhol# door. Th^ cone is made of 
light sheet steel* mounted on a hollow shaft extending 
'through Stuffing box bearings in the# ends of the outer 
^teel body to the driving gears g-nd steeto supply at one 
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Fig. 85 — Vacuum Dryer: Mixer and Bale Mill. 
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end, and to^the steam 6xhaus|/ main at the other. Steel 
'chnjbes. are fitted to the ends of the cone inside the body 
for supplying the cone with the material to be dried, 
afid for guiding the material to the receiver. Both the 
cone and the automatic feeding device are geared* to the 
same shaft, to ensure a uniform feed. 

In working this machine st^am is admitted, and then 
as higji a vacuum as possible is obtained throughout the 
apparatus with receiver valve wide open. The material is 
fed into the hopper, from which the ^worm conveyor 
inside obtains a uniform feed; drying commences at once, 
and continues as the material travels along the worm, 
falls down the chute to the small end of the cone and 
along to the wider end, where a chute delivers it to the 
discharge hopper in a dry condition. When the receiver 
is nearly full it can be discharged by cutting it of! by 
means of the wheel valve and admitting air until the 
vacuum is gone. 

One great advantage of vacuum dryers is that where 
valuable solvents have been used they can be completely 
recovered in the condenser. This part of tho subject will 
be more fully dealt with at a later stage. 

Evapolators are machines usifd for recovering solids 
which are dissolved in liquids by turning the latter into 
vapour. ^ The methods employed may bo divided into 
four classes, as follows: (1) Spontaneous evaporation; 
(2) direct heating; (3) steam heating; and (4) reduced 
pressure. ^ 

Spontaneous evaporation can be conducted successfully 
in countries* which have a definite period of hot dry 
weather. Naturj)-! brides a^e frequently evaporated 
by pumping th^m into popds havings a depth of about 
2 feet and a surfafse of jeveral acres, at a rate equal to 
the rate of evs^jporation. |n lajige installations as much 
as 6,000 gallons per minute of fresh brjpe is required to 
make up the evaporation losses, and the* cejneentrate 
is led into a separa'te pond and harveste^. 
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In the direct-heat method, flames or hotiwaste gases 
may be employed either to warm a vessel containing^the^ 
liquid, from underneath, or by being made to pass over 
the surface of the liquid. Where the presence of a certain 
amopnt of impurity does not matter, the latter method 
can be adopted in preference to the former method, 
which is not so economical of the available heat. Although 
the open kettle is practically obsole^ to-day, it, is in- 
teresting to note the evolution of the process and the 
causes which led to its abandonment. From the simple 
domestic copper heated by an open fixe there evolved 
the ‘‘ block ” or arrangement of as many as 100 kettles 
of about 150 gallons capacity, arranged in one or more 
rows in a flue or arches terminating in a chimney. To 
prevent overheating of the kettles nearest the fire, arches 
were built underneath them as a protection, thereby 
oausing a certain amount of heat to be wasted. Beyond 
the grate the arches were built with air spaces between 
them, which increased in size as the distance increased, and 
the flues decreased in depth to about 6 inches under the 
kettles next the chimney. Forced draught then became 
necessary. Various difficulties arose which, combined 
with the fact that it ^s found that for the *1001 used 
only about two -thirds of the amount of water was 
evaporated as would be effected by a proper bbiler, led 
to the method being discarded. 

Evaporation by means of direct heat is, however, still 
employed, , but the kettles are replaced by open pans 
arranged as shown in Fig. 87. , 

The pans are of jpiveted wrought-iron plates J inch 
thick, having flaring sides .and divided jnto two or more 
compartments, kijown as the, front andiback pans. The 
pans are about 100 feet long, 25'^eet Wide, and 1 foot deep, 

, and the method of wording ^s to run thj liquid into the 
back pan, whei;p, after being heated by the hot gases 
from thp fire, it is siphoned into the front pan and 
, harvested, the sqjid being removed to t*he sides and allowed 




% 

to drain. Heating may be effected by ©il, coal, or gas, 
according to circu^nstances. 

Evaporation by^ nSeans of steam heating is ver^ widely • 
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usod, owing to the ease of 'lontrol and the al/sonce of any^ 
risk of damage to the product by overheating. Irf its 
simplest form a steam-heated evaporator consists of, a 
vessel Jiaving stbam pipes immersed in the liquid to be 
evaporated. * 

In the salt industry brine is evaporated in a steam- 
heated vessel known as a grainer — a long, narrow, 
shallow vat built of wood or metal support'd on a frame- 
work, or of cement or concretes supported op a foundation 
of sand. Wooden grainers made from white pine caulked 
with oakum have been found to keep quite tight under 
the great differences of temperature encountered. 

The reinforced concrete type is monolithic, having no 
expansion joints, and is usually provided with mechanical 
raking devices. The walls are 5 to 7 inches thick, the 
bottom 4 to 6 inches thick with J inch steel-bar rein- 
forcement, the whole resting on a sand Ixjd which gives 
uniform support and reduces heat losses. An average 
size grainer is about 160 feet long, 12 feet wide, and 
2 feet deep, having four to eight steam pipes, 3 to 6 inches 
in diameter, suspended about 12 inches above the 
bottom. ^ 

The principle on whidh the grainer works is as loiiow^s : 
If a solution of several salts is conceiitrated by^evajiora- 
tion at a given temperature, the salts will be deposited 
as they reach their saturation point. This will dei)end 
upon their initial concentration and solubility and the 
effects of the presence of other solutes. If, when the fii’st 
salt is deposited and before the second salt beghis to form, 
more of the original* solution isjadded, the concentration 
of the first salt is decreaseil less than that of the others. 
Thus a thick deposit of tho*fij;st salt can be formed by 
the continuous addition^ and evaporation of the original 
solution, until thS concofitration of the otfier salts reaches 
saturation point and they also begin to form. This 
method iof separation should be carefully distinguished 
• from thp method known as fractional c]|ystallization. 
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Steam-Jacketed Pans. — ^For general use in the chemical 
industry, steam-jacketed pans, such as shown in Fig. 88 



and made by J. P. Devine and Co . aro built in every 
size and shape, designed especially for the servi|3e under 
which they are to 'operate. They are usually made of 
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sheet steel, but have beejj built of copper ind cast iro^ 
rectangular or cylindricatl, welded or riveted. iPjropei/ 
openings are provided for steam inlets and condensed 
water outlets. They are usually built shallow, to allow 
for, tfie greatest possible Seating surface and to ensure 



Fig. 89.- -Tilting Kkttle. 


maximum evaporation and facilitate the removal of 
finished materiaL Where high-pressi«’e steam is used, 
the jacket must be properly slay-belted. 

Steam-Jacketod Kettfes.~A very convenient type of < 
apparatus, of .which an example made by the above 
firm is ^own in Fig. 89, is known as the tilting kettle.” 
These large kettles are usually arranged on a rigid struc- 
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steel siij^port of the neccpsary height to allow for 
their Vjmptying into a truck or similar device. They may 
be equipped with a cover and a stiiTing gear of the horse- 
shoe, grate, or j)ropeller typo, driven through bevel 
gears and fixed and loose pulleys, which are rigidly 
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Fir». 90. — ^SPINAIJ. Stkam Evaporating Pan. 

fixed to a heavy bridge ok the top flange of the kettle. 
The tilting devio? is formed of af worm' gear and worm, 
the latter operated by a handwheel. The kettle proper 
is supported by hollow trunnions, which also rprovide 
the steam inlet apd condensed water outlet. 
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The common form of kettle is made of Copper or cfyjt 
iron, with the jacket covering about half the kettle an(f 
with provision made for the admission of thermometers 
and ^or draining. In special cases kettles are made with 
enamelled linings, or of special alloys for resisting corrosive 
liquors or preventing contamination of the materials 
by the metal of the kettle. 

The method of working is to op$^y the valve to the 
drain that the first condensations can escajDe 

and bumi)ing be 2 )revented. The exhaust valve is then 
oj)cncd, and the steam gradually turned on at the inlet 
valve until a good jet of dry steam issues from the drij), 
which is then closed and the steam regulated to give the 
desired temijerature for evajwration . 

This type of evaporator finds very great use in the 
dye, i)aint, textile, and canning and preserving indus- 
tries. 

Eig. 90 shows a steam evajjorating pan used in the 
sugar industry, made by Blair, Camj^bell and Mcljean, 
Ltd., Glasgow. The shell and conical top is of wrought 
iron, and the bottom of cast iron fixed to the top by an 
angle iron ring and boyis . The heating drum is of wrought 
iron or brass, with sblid drawn brass tubes expanded 
into the same and beaded over, a^id with a^ large cir- 
culating tube in the centre. The drum is designed for 
a working pressure of GO 2 )ounds j)er square inch, and is 
fitted with an eye-bolt for lifting and cleaning. 

Fig. 9? shows a Wetzel evaporating pan made by the 
same*firm, which is used for concentrating ^syr up. The 
heating surface is obtained by^a seamlcssf copper helical 
coil, the ends of which* are attached to the cast-iron 
trunnion pipe wlftch admits wivl discharges the steam, and 
is fitted with spur gcarjng driven by a pulley. 

The Vacuum tan. — ^ho tacuum paiv»may bo regarded 
as a modification of the vacuum dryer which has been 
coilsid<?red previously. At the prcj^nt time it is almost 
univertsal prac^iice to evaporate unier vacuum those 
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^substances -Jtiich are liable to^damage either by a high 
iem^rature or by the presence of air. Although the 
temperature at which a liquid boils depends upon the 



pressure to whifch it is subjecte'd, in practice there are 
limits to the range of temperature and pfessure available. 
As mere evaporation in a vacuum does not ncSteessarily 
mean economy, t?ie utilization of exhaust steam fixes tte* 
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upper limit of temperatucre at about 226® A ; the lowey' 
limit, at about 126® F., is determined by the cost of^ 
maintaining the required vacuum. Obviously, witlj a 
given ^amount of heat available, better results are to be 
obtained with a vacuum than with “normal pressure, 
and the greater the vacuum, the greater the amount of 
liquid evaporated. Against this increase in evaporated 
material must be reckoned the additional cost ’ of the 
special plant and the cost of maintaining the vacuum, 
both of which must be taken into account when comparing 
vacuum evaporation with the open pan process. 

A vacuum-pan installation consists of three parts; 
(1) The vacuum pan; (2) the condenser, and (3) the 
receiver and pump. The vacuum pans are usually 
vertical cylinders having conical ends, the whole being 
constructed of iron, steel, or copper, and provided with 
Inlet and discharge holes, thermometers, vacuum gauge, 
test cocks, liquor gauge, etc. These pans are seldom 
less than 9 feet in diameter, and reach as much as 30 feet 
in diameter, but from 10 to 20 feet is the most common 
size. The smaller sizes are heated by means of a 
steam jacket and the larger sizes by means of internal 
steam coils or pipes. At the top of the pan is a dome or 
large pipe connected with a “ catch) a-ll,'’ whjch serves 
to trap all liquid carried along mechanically with the 
steam and return it to the pan, while the steam passes 
to the condenser. The condenser may be a coil of piping 
surrounded with cold water or some special form of 
surface or jet condenser. ’ 

Fig. 92 shows a copper vacqum pan made by Blair, 
Campbell and McLean, Ltd., Glasgow, •^for concentrating 
sugar solutions, d branch .of industry m which vacuum 
pans were used as far bapk as l5l3. 

This pan is It) feet •in diameter, an,d has a he^iting 
surface arrang(?d in seamless copper coils, each coil 
having a steam inlet valve and pipe, pressure gauge, drain 
pipe, apd steanl trap. 
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Fig. 92.— Copper Vacuum Fan. 
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Fig. 93. — Cast Iron Calandria Vacuum Pan. 

Fig. 93«8hows a 12-foot cast-iron caleyidria vacuum pan 
made bjj the saine firm, in which the cheating surface 
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consists of straight tubes ofr copper or brass expanded 
into gun -metal or steel tube plates having a largo cir- 
culating tulx) in the centre to assist the circulation. 
The steam belt is placed ixi the cylindrical part of the 
pan or effect, as it is called, and contains several hundi*ed 
vertical copper tubes about 5 feet long and 2 inches in 
diameter. 



Fig. 04 is a diagi-am showing the arrange mint of a 
vacuum pan having a jet condenser and wet vacuum 
pump, and Fig. 1)5 is a similar diagram showing a vacuum 
pan having a condenser with a barometric* leg and 
receiver, together with a dry vacuum pump. ' 

There are majiy makes of vacuum pans; but in general 
the method of operation, i|^ for either live or exhaust 
steam to enter the coijs or steam belt, usually, but not 
always, at Iqw pressure, Any water which condenses 
here is drained away to the boilers qt used for boiling 
out or thrown away. , 

As the liquor in the pan boils, the *7apour jjasses to e 
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fiuced by the pump at the coiHinencement of operations 
shouM be maintained by the action of the condenser, 
but in practice it is found necessary to work the pump 



throughout the-^process lo an cjctent depending upon the 
efficiency of the particular Tjondenser used. As a general 
rule the water from the condenser is allowed* to go to 
waste, and as itg^ temperature is low — about 80® ^to 90® F* 
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■ - ■ 

— ^not much heat is wast(|d, but in some cases this wat^ 
may also be utilized. 

In order to secure the highest efficiency, thfe vacuum 
must-be as high as possiblp, and for this reason both the 
pupip and the condenser must be as efficient as possible. 
It is essential that the condenser should have a sufficient 
cooling capacity to deal with the volume of vapour to 
bo condensed. There are two typgsi of condensers in 
common use — the jet type and the surface type, as shown 
diagrammatically in Figs. 96 and 97 respectively. 

With the surface condenser the evaporated liquid is 
completely recovered and a pump of the dry type can be 
used, but with the jet condenser the vapour is mixed 
with the condensing water (equal to about forty times 
the weight of vapour condensed) and a larger pump of 
the wet type is required, but the operation is not so 
tjostly. 


In the case of the surface condenser the receiver is 
usually directly connected, and arrangements are 
provided for discharge from time to time without in- 
terrupting the main process. Jet condensers are often 
connected with a barometric leg 35 feet high in which 
the condensing water Stands and overflows into a well 
without breaking the vacuum. 

Multiple-Effect Vacuum Pans.— As far back as 1830 
the suggestion was made of connecting vacuum pans 
in series and regulating the pressure in each pan so that 
the work tlone by the steam could be greatly increased, 
but it took many years before the method wds in general 
use. • 

In the multiple effect ^stem oach*ya'Cuum pan acts 
not only as an evaporator,* but«also qs a boiler, producing 
heated vapour for boiliqg in tlfd next pan and acting as a 
condenser for the preceding J)an. Suppose, for example, 
steam at about*212® F, is admitted to the first pan of a 
series, aftd the vacuum maintained in fhat pan is 16 inches. 
The vaf)our from the first pan ^ill hav# a temperature of 
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175 ° F., and passing into the ^cond pan, which has ; 
sracunm of about 24 inches, produces more vapour at 
140® F., which in turn passes to the third pan, having a 
v^acuum of 27 inches, and so on ryitil the highest economical 
sracuum attainable*^ limits the process. 

The varied applications of the vacuum -pan process nave 
produced a corresponding variety of makes, which differ 
considerably in detii^il and operation, but which would 
require more space than is available in this book for even 
the briefest examination. 

Nearly a hundred years ago an eminent authority 
drew attention to the following points as constituting 
the essentials of a good evaporator: (1) The liquor to be 
evaporated as quickly as possible, so as to avoid any 
alteration ; (2) the movement of the liquor to be acceler- 
ated by giving it great speed and spreading it out in the 
form of a thin film. 

1'hose are the principles involved in the design of the 
Kestner patent film evaporator, and hence show a great 
departure from those embodied in tlie older, types of 
vacuum pan. 

It is* a truly continuous apparatus, the weak liquor 
being fed by gravity or by means 6? a pump at a constant 
rate into bottonj box of the evajX)rator, and tlie con- 
centrated liquor at the predetermined density issuing 
continuously from the separator. The heating surface 
and the passage of the liquor through the tulx^s are so 
disposed that the liquor to be concentrated passes over the 
heating surface at high speed in the form of a thih film, 
whilst the sfeam space^ surrounding the tubes is so 
arranged that the outer surface of the tubes is swept 
at high speed by the hot^team, so thAt not only is the 
heat transfer improved, fbut the condensed steam is 
rapic^y brushed -off the heating ifurfaco,*' thus preventing 
any loss of efficiency from the tul)es becoming water- 
logged. In addition, the arrangement is such that 
accumulation of <air and non-condensaffie gases^^^in the 
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steam space is entirely pijpvonted, and so {he whole of^ 
the heating surface is able to exert the maxiipum^ 
efficiency. The advantage of the high velocit;^ of the 
liquor and its short-time contact with the heating surface 
is t^Jreefold: The physical properties of delicate liquors 
remain absolutely undamaged, owing to the fact that 
they arc only in momentary contact with the heating 
surface . Secondly, the rate of heat tra^nsfer is enormously 
increased, owing to the fact that the presence of large 
masses of water in feeble circulation is entirely eliminated. 
Thirdly, the formation of scale on the internal surfaces 
of the tubes is greatly reduced and in some cases pre- 
vented, giving a great range of application to the 
apparatus. 

The design of the evaporator has a further advantage 
in that the ground space occupied is exceedingly small 
Compared with that of many other pans, and that it lends 
itself to the subsequent addition of cHects, so as to 
convert a single effect into a multiple, with the cori*es- 
ponding steam economy. 

Fig. 98 shows a sectional view of a Kestnor single-effect 
climbing film evaporator. Jt consists of two parts — 
namely, the calancMa*and the sef)arator, tJi(‘ former 
being composed of a shell or casijig containing the 
evaporating tubes, which are about 23 feet long and 
fixed into the upper and lower tube plates. 

The liquor is fed into th(^ apparatus at the lower inlet T, 
and passes. from the feed box into the tubes. The steam 
or extefust vapour, whichever medium may bi^ em})loyed 
to heat the liquor* enters the calandria of the evaporator 
at A. The liquor begins to boil in the teibos because they 
are surrounded by steam, .and, as ebullltioii takes place 
a column of vapour rises up thctccntrcj of the tube. This 
vapour travels af a hig^ velocity, and f^t the same time 
draws up a film (rf liquor, which forms on the inner surface 
of the tkiho continuously without dry patches, so pre- 
venting^any darker of burning any suV^tances sensitive 




Fin. 98. — Kkstner Climhing Fig. 09. — Kestnkr Falling 

Film Single-Effect Evap- <€<'ilm Sij^glf, -Effect Evapor-, 

bRA^rOR. ^TOR. 


to heat. Above t}ie calandria is the separator which 
consists of a cylindrical vessel containing a centrifugal 
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baffle placed immediately ^bove the tubes, anu so con- 
structed that the liquor and vapour rising up the tpbes^ 
in the calandria strike against the curved vanes of the 
baffle with such velocity that, due to centrifugal motion, 
there is complete separation of liquor tlnd vapour. The 
concentrated liquor passes down the outlet L, and the 
vapour, passing after through the save-all, leaves the 
separator at B. The long shell of the Kestner gives two 
important advantages over the calandria of the ordinary 
type of vacuum pan: first, the distilled water can be 
removed easily by running it off at the opening E ; and 
secondly, all air and non -condensable vapours in the 
heating system are removed at G ; thus all the tube 
surface remains operative. 

For such liquors as glue, gelatine, and the like, the 
final concentration is made in a falling film evaporator, 
nf wliich a sectional view is shown in Fig. 99. The 
apparatus consists of — (1) Tubes 18 to 23 feet long 
secured in the upper and lower tube plates, divided into 
two groups G and B, forming the climbing film and 
falling film tubes respectively. (2) The separator, placed 
below the lower tube plate, contains the feed bo^, and 
is fitted with a centrifugal baffle and the necessai^ openings 
for the concentrated liquor outlet and for the discharge 
of the vapour. The liquor to be concentrated is Sclivered 
into the feed box B, from which it passes into the tubes 6r , 
where the climbing film action takes place. The liquor 
and the vgpour arrive in the upper box above the tube 
plate, •where they are distributed to the tubes D, the 
liquor running ddwn as a thin film, and the high-speed 
vapour forming a core in*the centre erf the tube. Both 
liquor and vapouc pass iqto the separlitor S, where by 
means of centrifugal action cj)mplete separation takes 
place, so that the vapoii pajpes at C anj^ the liquor atf- 

By means ef this apparatus substances sucTi as 
liquorice, gelatines, glue, dyestuffs, .milk, fruit juice, 
and sqgar can » be delivered in such^ a high state of 
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concentration that the extract, solidifying on cooling can 
be rnn into drums or moulds ready for transit. Many 
substanct^s can be concentrated without a vacuum in this 



apparatus which require a vacuum in tha older types of 
apparatus. By this method all the steam required for 
the auxiliaries is^ saved, and when multiple eff^^cts are 
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used great economy is obtained, as only a single feed 
pump is required; moreover, where cooling wate^ is 
scarce, the possibility of avoiding the use of a cotidenser 
is a groat advantage. 



Fig. foi. — K kstnku “Sai.ting'’ Type Fvapouator* Section. 

• t 

• 

Fig. 100 shows a direct-hrod evaporator followed by a 
quadruple effect, -and a fyngle-effect Anisher which is 
stated to produce caustic liquoj* of (>0 per cent. NagO. 
r. Fig. 101 shows d sectic/i of ^ " salting ’’,type evape^ratgr 
which is used for the concentration of dual solutions 
and for Uie production of crystals direqt in the separator 
instead ^of in tl^c usual trays. Separation of salts by 
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.crystyiization, owing to diff^ence of solubility, can be' 

r effected in this apparatus — e..g„ mixtures of NaCl and 
NaNOg,^ NaOH and NaCl, NH4NO3 and Na2S04. 

The separator is a cylindrical vessel round which 
several calandrias can be grouped. Liquor is admitted 
to the separator to above the opening B, at which point 
the calandria can operate, the height being checked 
through the sight glasses S. Steam is turned on in the 
calandria, the liquor passing through B down into the 
bottom box of the calandria through the tubes, and back 
into the separator at A. The circulation is continuous, 
and the crystals formed arc by means of the circular 
baffle deposited on the bottom of the cone, whilst the 
liquor passes through B and the vapour formed passes 
into the save-all, for further treatment as desired. At 
the bottom of the separator is a valve capable of dealing 
with liquors heavily charged with salt crystals, and 
discharging into a salt box or filter box, which latter 
has a bottom cover arranged with a balanced hinge 
so that the filtering medium can be easily inspected. 

By moans of the isolating valves A and B, any one 
of the heating units can be shut off from the system for 
cleaning br repairs without intcilering with the running 
of the rest of the apparatus. 

With’* multiple -effect ap|miatus there is an economy of 
steam and condensing water amounting to one -half in a 
double effect and two-thirds in a triple effect of that 
consumed in a single-effect apparatus. Multiple -effect 
evaporators have not been universally employed because 
materials which are sensitive to high temperatures could 
not bo evaporated in such an apparatus without suffering 
injury, as the Operation of a multiple effect requires 
evaporation temperature;, up to about 176° F. in a triple 
effect, and still higher foij^ a iVrger number of effects. 
For small and medium quantities of liquid, and where, ;; 
work is done for ^an hour or two at a time, thej use of a 
multiple effect \^ras precluded because oi the difficulty of 
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starting and stopping it, th^ large space requi'red, and the 
very considerable fost cQst. 

The Multiplex ” evaporator made by Blair, Campbell 
and McLean, Ltd., Glasgow, overcomes some of thdse 
objections, although high temperatures in the first effect 
cannot bo avoided. By special construction the quantity 
of liquid contained in each effect is so small that the 
liquid remains in it only one or two minutes ^t the 
utmost, and is then drawn off into the next compartment, 
which is at a lower temperature, and finally, after a 
short time, is completely concentrated and discharged 
from the apparatus. 

Fig. 102 shows a view, and Fig. 103 shows a section 
of a “Multiplex’* triple -effect apparatus. When the 
apparatus has been exhausted of air the liquid to be 
concentrated enters at 1, into the double bottom 2, 
and rises to a uniform height in the tubes 3, which are 
surrounded with steam which enters at 4. The liquid 
very soon boils, bubbles of steam first forming at the 
underpart of the heating tubes and increasing to a 
stream of high velocity. The liquid attaches itself to 
the tube walls, and the steam drives it high up^ these, 
so that the middle anil upper parts of the tubes are no 
longer filled with liquid, only the tube walls are wet 
with it. The bubbles of froth forme^d in the lower part 
of the tubes are thi^s broken up, so that the liquid leaves 
the tubes in the form of drops which spring off the top 
edges of the tubes. Close above the upper tube plate 
another plate is fixed, between which the velpcity of the 
steam is so great that the drops have no time? to sink down, 
but are blown towards the tubular connection 6, and 
through it into the separator 6.^ There Khe liquid sinks tc 
the floor, and thereafter it risi^ thrbugh the tube 7 intc 
the double bottom 2, and th^ heating tubes of the seco/ic 
effect, whilst the vapour rises into the heating* com 
partment 8, and there serves as heating steam. Th< 
process of evaparation is repeated tlier^e in the same wa;! 
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Fi(j. 102.— “ Multiplex ” Film Triple -E rrEUT Evaporator 
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as in the first effect, and agajti in the third effect, from 
whi^h the liquid is drawn off at, 9 after it has been con- 
centrated to the desired degree. The vapour from the 
last effect is then condensed in the condenser through 
pipe 10. * ' ^ , 

Frothing interferes very much with the evaporation 
in a vacuum apparatus, but in this case the liquid cannot 
rush ttirough the tubes in the form of froth, but adheres 
to the walls and evaporates. The central entrance of the 
steam into the heating space causes an energetic circu- 
lation, so that all the heating tubes are heated with the 
utmost possible uniformity, and no dead corners are 
formed in which material that would generate deleterious 
gases can collect. The apparatus is constructed in such 
a way that the whole amount of liquid contained per 
square foot of heating surface is only a few gallons. 
Every particle of the liquid, therefore, only remains a few 
minutes in the apparatus, and is then forced out by the 
liquid following u 2 )on it, so that the material undergoing 
concentration is very soon withdrawn from any de- 
leterious action of liigh temperatures. 

The mode of operation is very simple, and consists of 
putting the vacuum pump in acti(»ft and setting the valves. 
It sucks in the liquid which is to bo concentrated through 
a pipe, ^and ejects ‘^t in the concentrated state through 
another pipe, the degree of concentration being regulated 
by the amount of the feed. 

The sugar and the salt industries have had ]bhe longest 
connection, with the vacuum-pan process, and as both 
these industries are widely represenijed on the American 
continent, it follqws that these are many types of pans 
made by Ameri<^an firms. Among the most important 
vacuum pans used* in ^6anada and America are the 
I^anistee, Lillie,^ Brecht, Crg;neyV Oscar Krenx, Swenson, 
Sanborn, Wheeler, and Zaremba vacuu4m pans, each of 
which is worth consideration by the chemical engineer. 



CHAPTER V 

DISTILLING APPARATUS 

Distillation is the term usually applied to the applica- 
tion of the process of evaporation to the separation of a 
solution into its components. There are three principal 
parts which all types of distilling apparatus have in 
common — viz., (1) a vessel or still in which the material 
is heated; (2) a cooling apparatus for condensing the 
evaporated material ; and (3) a receiver for collecting the 
condensed material or distillate. 

The process of heating materials and collecting the 
bodies formed by the action of heat is termed destructive 
distillation, and, when the main object of the process is 
the residue in the still, so that this part of the apparatus 
undergoes great modification, the terms roasting, burning, 
glowing, and firing are fl^ed, and the apparatus T^ermed a 
muffle, furnace, kiln, etc., as the case may be. ^ 

It will be obvious from what has already been said about 
vacuum pans that they are a form of still, and, indexed, they 
are often used for this purpose in suitable cases, but the 
separation pf liquids of close boiling point demands 
the typefof apparatus usually termed a still. • 

The Column Stifi.-^This commonly useef apparatus, 
of which a diagrammatic •view is shotm in Fig. 104, 
derives its name from the ^colujnn or dephlegmatnr A, 
through which the vapours froin ‘the boiler are made 
"to pass before be'ing cefudeneed and cdllected in .theJ 
receiver. This c(flumn, which is fixed over the still or 
boiler, contains a number of shallow cups or plates placed 
at inter^ls, thusi* dividing the column «nto a series of 
»• 145 * 
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chambers between which coiijmiinication is maintained 
^^by weans of perforations in the .plates or by small tubes 
so^arran^ed that a small quantity of liquid can be retained 
in each cup. ^ 

When the process has been continued for a suffipient 
time for the column to take up a steady state there is a 
definite drop in temperature from the top of the column 


a 



' Fig. 104.. — Diagram of Still Column. 


downwards, and each cup contains a small quantity of 
liquid with a correspondingly higher boiling point 
through which the onJoming^ vapour from the boiler 
mqst bubble. < In each, the par/tial ptessurc of the con- 
stituents depends upon the temperature, and the com- 
position of the liquid therein, so that the higher boijing 
constituents, astthey fall back down the coluipn, enrich' 
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thfemselves at the expense^pf the ascending vapours, unty 
only the lower boiling qr more volatile bodies issue Jroirf 
the top of the column. From the top of th6 column 
the vapours pass through a, series of U -tubes jB, which are 
surrounded by a bath kept at a clefuiite temperature. 
From the bottom of these U -tubes draining pipes lead 
back to the column, and are so arranged that they dis- 
charge into it at various points, (^eponding upon the 
boiling point of the condensate, progressively from the 
bottom of the column with the highest boiling point to 
the top with the lowest. 

By this means the vapour which issues from the 
U -tubes and is condensed in the coils C is comparatively 
free from foreign substances, and has a constant boiling 
point. By continuing the process tliis constituent may 
be generally entirely recovered, and the apparatus 
•taking up a fresh steady state, the next higher boiling 
constituent may be recovered, and so on. 

This is the method known as fractional distillation, 
and it should bo noted that it is not applicable to all types 
of liquid mixtures, of which a short account is given in 
the Appendix. 

Fig. 105 shows a pa&nt rectifying still made by John 
Dorc and Co,, London. It is designe^ for the stijjngthen- 
ing of weak alcoholic liquors and the recovery and 
purification of solvents, such Jis ether, acetone, and the 
like, and it is claimed that in one operation it will produce 
alcohol ot 0*815 specific gravity from weak liquors of 
about 0*967 specific gravity. • 

Fig. 106 is a diagram illustrating a continuous still 
made by George Adlam»and Son, Ltd., Bristol. This 
still consists of — , ^ * 

1. A boiling or analyzing cdlumn made in sections of 
cast iron and fitted with fopper plates between, each 
joint, on which are fitted copper bell plates and dip 
pip^s. In the bottom chamber is placed a steam heating 
coil for^hoating the liquor. 
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^ 2. A rectifying column constructed of strong copper 
Rnd jnado in flanged sections. Jhis is also fitted with 
cojyper bftll plates, bells and dip pipes similar to those 
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in the analyzing cofumn^ but with four plates to each 
sectign. 

3. A rectifier or reflux condenser. 

4. A condenser with tube plates and tubes. 

6. Sight glasses or still watchers. 

f 
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The liquor is fed into the still at the seventh section 
of the analyzing columA, and exhausted, waste, ^ or i^penC 
liquor is run off from the bottom chamber. 

Thq vapours pass from ‘the analyzing column to the 
rectifying column through the coimecting pipe, and 



from the rectifying column tojthe i^sctifier through the 
bent pipe shown. Portions coifdensed here are returned 
’ to the rectifying oolumif thrSugh a draihing pipe at tHe 
bottom, and th8 rest of the vapour passes on for con- 
densatioft in the spirit condenser, where It can bo observed 
and discharged a*s required. 
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are John Dore and Co., Lojidon, has found a most varied 
application in many of branches of chemical industry 
To trace out the application of the principles of the Coffey 
still to the various brancljes of industry is impossible 
for tjie purposes of this book, but the stuJient should make 
himself acquainted with the main outlines of the process, 
and always be on the look-out for its practical applicaticn 
in the industrial world. . • 

Fig. 108 is a diagi'am which gives a rough idea of the 
principal parts of a Coffey still . It consists of two columns 
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Fig. 108 . — Diagram of Coffky Still. 


or towers A and B, known as the analyzer and rectifier 
respectively. The internal arrangement of the analyzer 
is similar to that of a column or dephlegmatos on a large 
scale. The rectifier consists of a column which contains 
a tubular coil, through which the liqutr is pumped and 
discharged at the top of thp ang-lyzer ov^r the perforated 
plates or trays. Steam or sofne other suitable vapour 
is admitted at tile bottom §f the analyzer, and, rising 
through the de«cending stream of liquor, is partially 
condensed whilst vaporizing the volatile constituents of 
the liqqpr. The* action of this tower ^ exactly similar 




152 INTRO]^UCTION TO CHEMICAL ENGINEERING 

to the action of the column o| an ordinary still, so that 
<ron\ the top of the analyzer a j^pe leads away a heated 
mixture \)f steam and vapour of the volatile portions of 
the liquor. This hot vajxjur^is in turn delivered to the 
bottom of the rectifier, where it gradually rises tfirqugh 
tlie coils of the liquor tube, heating the contents and at 
the same time condensing out the higher boiling portion^, 
includivg the step-m, which run down to the bottom. 
The most volatile portions pass out of the rectifier at the 
top, and are led to a condensing apparatus and receiver. 
The liquid which collects at the bottom of the rectifier 
is pumixjd up to the top of the analyzer, and there 
discharged over the plates, together with the liquor from 
the tank. With proper working, by the ti me the liquor has 
reached the bottom of the analyzer all the volatile portion 
has been extracted, and it may be drawn off and discharged 
as spent liquor. It will be noticed that the apparatus 
practically consists of two columns arranged on the 
counter flow system. 

It need hardly be mentioned that the success of the 
process dej)end8 both upon the design of the parts and also 
upon tjie experience and skill of the operator. 

Among the many applications bl this apparatus a very 
interesting one is its use in the liquefied gases industry 
for the separation of the constituents of mixtures such 
as liquid air, liquid natural gas, etc., whereby formerly 
rare gases, such as argon, neon, and helium, are obtained 
in commercial quantities. , 

EiXtractiOQ Plant. — One of the most interesting* modi- 
fications of distilling apparatus is found in its application 
to the extraction ftf oils and drugs. 

Fig. 109 shows a continuous extraction apparatus made 
by John Dore and do., Ldndon, which is designed for the 
extrj^ction of drugs by means oi alcohol, other, acetone, 
petrol, benzene, etc., and is so arrangefd that there is 
little or no loss ofi t^io solvent used. It consists^of three 
vessels — viz., an tevaporator, extractor,* and condenser. 
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Fig. 109. — Exthaction Appatwiti 
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all mounted on a self-contained stand with the necessary 
rocks and connections. The i^ethod of operation is 
for the e::tiactor to Bo filled with the plants or roots to be 
treated, while the evaporator is filled with the solvent. 
This latter vessel, heated by a steam jacket, vaporizes 
the solvent, which is conveyed to the overhead condenser, 
whore it is condensed and allowed to flow or percolate 
through the matepal in the extractor and back into the 
3 vaporator again, together with the dissolved substances. 
Hero the solvent is again vaporized and returned for 
extraction, and so the process is carried on until the 
material in the extractor is completely extracted. At 
this stage the solvent is again vaporized and drawn off 
from the condenser, while the product is collected from 
the lower vessel as required. The centre extraction 
vessel is also fitted with a steam jacket which can be 
used for driving off any solvent remaining in the ex- 
hausted mass, or for heating the drug during the process 
of extraction. Both vessels are fitted with removable 
covers for cleaning purposes and for charging. 

Fig. 110 is a diagram showing the arrangement of an 
oil extraction plant made by George Scott and Son, 
Ltd., London. • 

The distillation of such substances as crude petroleum 
and coal tar involves both distillation proper and des- 
tructive distillation. The plant used is comparatively 
simple in nature, although in most cases of huge size. 
For the fractional distillation of crude petroleum, cylin- 
drical steel shells up to a size of 15 feet in diameter 
and 42 feet ii'i length are set horizontally in brickwork, 
leaving the upper half exposed except for an iron cover. 
Of the two methods of firing — end firing and side firing — 
the latter is preferred on; account of the greater control 
of the still which ensues.^. The stills are fitted with 
the usual dome, from which the vapour main of 12 inches 
to 18 inches in diameter leads to the condenseri, which 
are very often simple coils immersed hi a watqv bath. 




Fig. 110. — Sc6tt Oil Extraction ’Apparatus; Diagram. 
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Sometimes the distillation of the oil is carried on till 
f the residue is destructively di^itilled to coke. In this 



case the vapours are led through a kind 6f column, which 

takes the form of a number of towers each 6»f which 

« 

corresponds to a (phamber of the smaller column 4 ' These 
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towers consist of two chambers connected by tubes, 
around which the air circulates and in which the vajKiurs 
are condensed and run down into the bottom chamber, 
whence they are drawn off as a separate fraction after 
passing through water coolers. The towers are connected 
to the still in series, the vapour entering at the bottom 
of the fiivt and passing out at the top to the bottom 



of the second, and so on. In cortairv cases steam is 
blown into the still, which ha^s the effect mJt only of keeping 
the mass agitated and preventing i^verheating of the 
.bottom portion, but also? by^its additional pressure oy 
the surface, lowets the partial pressure necessary for any 
constituei^t to boil, and so causes that gubstance to boil 
off at a lj>wer temperature. It need hardly be mentioned 
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that some manufacturers obtain the same effect by 
working the process under a vacuum. 

(in account of the fact that a high distilling temperature 
is'injurious to the product, in the case of lubricating oils, 
the process of v£icuiim distillation is in common use^. 

Figs. Ill and 112 give a view in elevation and plan 
^f a continuous vacuum oil distilling plant for lubricating 
and paraffin oils made by W. J. Fraser and Co., Ltd., 
Dagenham, EssexI 

The plant is so designed that a high vacuum is main- 
tained in the entire system by means of a vacuum pump 
under a continuous or periodical distillation, the dis- 
tillates being collected in their respective receivers. 
This plant may be advantageously connected direct 
with the crude oil distillation plant, effecting thereby 
a further saving in fuel and labour. Among the advan- 
tages of tliis type of plant are (1) a high quality product 
due to low temperature and high vacuum ; (2) no cracking, 
as the vapoiu's do not have contact with highly heated 
plates in the still. 

, For the distillation of tar, similar stills having a 
capacity of about 6,000 gallons are in common use, but 
very often the still is of the ver’tlcal type, having a con- 
vex top and concave bottom. Constructed of J-inch 
boiler plate with a bottom of inches set in a brick 
arch over the fire, the lower half is heated by the hot 
gases from the fire being made to circulate round it by 
means of flues. The vapours are led away to the usual 
type of co^idensing coil, and provision is made for ‘running 
off the pitch from the still into a vesfeel for cooling. 

Retorts. — The 'greater part -of the labours of the early 
chemists was dWoted tp the heating of all manner of 
materials in an alembte or retort and investigating 
the ^ nature of the resulfe^g products. This form of 
distilling apparatus in some cases yielded important; 
results of commercial value, so that industries were", 
started and the retort was developed ifi accordance with j 
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the particular needs. The term ‘‘ retort ” is now generally 
used to indicate that part of the apparatus in whicl^ 

, the heating of the material is carriecf on. The eonstruc- 
tion of a retort depends entirely upon the particulai 
industl’y in which it is used and the’ reljuiroments of the 
individual manufacturer. 

In the nitric acid industry a retort is required in which 
sulphuric acid and nitrate of soda can be mi^ed and 
heated, resulting gases collected, and provision made 
for removing the nitre cake. 

Those retorts are usually cast-iron gylinders about 5 feet 
in diameter arid 10 feet in length, closed at either end by 
stone or cast-iron plates, one of which is pierced for the 
separate feeding of the acid and the soda, and the other 
for the exit of the gases and the discharge of the nitre 
cake. These retorts are fixed in a brickwork setting and 
“only require a comparatively small fire area. 

Another common form is known as the pot still, which 
consists of a pot made up of three sections luted together 
with an acid-resisting cement. The upper sections arc 
lined with bricks, but the bottom section is unlined ,.as 
it is not so liable to corrosion, and to allow of eapy heat 
transfer. The botton/'feection is provided with an outlet 
for the discharge of the nitre cake, and the top section is 
provided with a charging door and gas exit tube. As a 
rule the pots receive a charge of about 1 ton of material 
a day, which is gradually distilled. 

The reports used in a by-product coke oven arc long 
narrow structures of firebrick about 30 feet Jong, 6 feet 
high, and 1| feet wide, arranged side by side, separated 
• by flues. The ends are^ closed by hiding iron doors, 
which are luted during pperations, ahd which can be 
raised at the end of a run and*;the Whole of the contents 
pushed out by mechaniical i^eans. 

The retorts used in the coal-gas industry are of^ three • 
kinds — viz., (1) horizontal, (2) inclined, and (3) vertical. 

Thei^ is considerable variation irj the length and 
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cross-section of these retorts and in the method of heating, 
#although the use of producer gas is growing in favour. 
Horizontal retorts £re usually provided with mechanical, 
stdkers, and are charged to about two -thirds of their 
capacity. Inclined i’etorts are charged by feeding in at 
the top, and discharged from a door at the bottom, 
thus saving a certain amount of labour. The gas is 
drawn pif at the bottom of the retort, but it is said that 
the yield is smaller than in the case of other types of 
retorts. Vertical m torts are arranged in groups for 
filling at the same time, and the gas is drawn off at the 
top, while the coke is removed from the bottom and 
used directly for making producer gas for heating the 
retorts. 

An exceedingly important modification of the gas 
retort is that designed by Mr. Dowson for the production 
of a cheap gas fuel for driving gas engines and for heating 
work of all kinds where cocks and burners are used. 

Briefly, the gas is made by passing superheated steam, 
mixed with air. through red-hot fuel in a vertical gas 
producer. The steam is decomposed, the oxygen com- 
bining readily with the carbon of the fuel, and the com- 
bustible cl^nstituents of the gav^’*" consist of hydrogen, 
carbon monoxide, and a small percentage of marsh gas. 
The process is contiViuoiis and automatic, and there is no 
outside fire, as there is with an oi dinary retort; the 
cost of repairs is low, and the apparatus is simple and 
easy to work. The gas is made as quickly as it can be 
consumed, and its production being governed" auto- 
matically to suit a varying rate of consumption, it can be 
stopped completely for meal-times or when laying off. 
The gas is coolM, washed ^nd scrubbed, and passed 
into a gasholder wh^n re^tdred, although in many cases 
tlye latter operation is foun<J, no tv to be necessary. 

The original Dowson plant is worked with a jet of 
steam at pressure, ^acting as an air injector, and is known 
as the pressure pl^iiit, but in the more recent plg,nt the 
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suction plant, air and stfam are drawn in by means 
of a fan or gas engine, .jthe only difference in the uesuli 
being that pressure gas has a little higher calorific poy^er 
and is more useful for heating work than the suction 

Both types arc worked with anthracite (peas, beans, 
or nuts), charcoal, or gas coke, which latter should be 
in pieces of J to | inch cube, and jihould not Contain 
more than 10 to 12 per cent, of ash. Owing to the forma- 
tion of tar, special plants are needed for using bituminous 
coal and for the utilization of wood refuse, shavings, 
sawdust, etc. 



Fig. 11!J. — “Dowson” Steam Jet Pre.«i;he Gas PlInt. 


Fig. 113 shows a diagrammatic sectional view of a 
Dowson pressure plant. A jet of steam at pressure from 
a small independent boiler, or from a factory or other 
boiler hear the gas plant, plays in an opeif air pipe, 

’ and the mixture of six)am and air is forced into the fire 
m the producer, the fuel being put in thi?yugh the hopper 
on the top. The gas is made continuously so long as the 
jet of steam is working, and if «hut off the production 
^of gas ceases at once. Dn the steam pipe there is ii 
governing valve a?nd lever actuated by the rise and fall of 
the gasholder, so that the rate of produOtion is governed 
automatically to 'suit a varying rate Of consumption. 





After the^’gas leaves the producer it passes through 
rWter seal, and then through ct)ke and sawdust scrubberL. 

Tiie oonsumptioA of anthracite or charcoal is about 
lar pounds, or of coke about 14 pounds per 1,000 cubic 
feet of gas, and it nmy be taken for the purposes of costs 
comparison that 4,000 cubic feet of this gas are equiv&lent 
to 1,000 cubic feet of town gas. 



Fig. 114. — Dowson ” Suction Gas Plant. 


This type of plant is suitable when there ‘are, two or 
more gas ergines, when there are^ engines and heating 
work, or when , there is heqting work only. The gas 
mains are then simplified, and it is also more easy to start 
two or three engines from a pressure plant than from a 
Ruction plant. ^ 

When this type of plaift is used for^ engine work the 
consumption of jinthracite or charcoal of average quality" 
is about 1 poun(^ ^er b.h.p. hour, the actual consumption ; 
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■depending somewhat on tho eflSciency of'tlie engine. 
With coke the consumptioft is a little higher. 

Fig. 114 gives a sectifcnal view of the Dowsoh suction 
plant. In this case the steam is formed in a vaporiser 
inside* the producer, near Ihe topj^anH tho steam and 
air*Sre drawn into the fire at the bottom by means of 
a fan or by the suction of tho engine, which works in 
combination with the plant. Every plant has a sjpall fan 
for blowing up the fire at tho start, a^id when the engine 
is started this fan is stopped and the engine itself governs 
the rate of producing the gas to suit its own varying 
consumption. After the gas leaves the producer it passes 
through a water seal, and then through coke and saw- 
dust, as in the pressure plant. 

Fig. 115 is taken from a photograph of a 30-h.p. 
plant. The chemical process of making the gas is tho 
^ame as in the pressure plant, but as there is no inde- 
pendent boiler, no allowance need bo made for raising 
the steam required, so that with a good engine tho 
consumption of anthracite or average charcoal is about 
I pound per b.h.p. hour. From tests which wore m^o 
on a 40-h.p. plant the heat efficiency was found to be as 
high as 90 per cent. 

For plants of about 200 h.p. and upwards it is found 
that bituminous coal is cheaper than •anthracite, and so 
a special type of plant is used. 

Fig. 116 gives a sectional view of a Dowson bituminous 
plant for making gas without tar. The special feature 
of the producer is that it is double acting— ;^.e., air is 
•idrawn in through i>he,top and through the bottom of tho 
fuel column, as indicated Ijy the arrowy. The producer 
is open at tho top, and coal is put in there, but there 
is no escape of smoke as air draVn inwards by an 
^exhaust fail. The» uppei^'parj, of the fi^e bums dowiv 
wards, the hydrqparbons are distilled off, and the coke 
which re plains sinks downwards into ^the lower part 
fcpf the producer, ^vhere it meets an up^ward current of 
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gteam and air and is converi^ into ordinary producer 
^as.. The mixture of gases loavp the producer through 



Fig. 115.— 30 fi.P. Sugtion Ga*s Plant*. 

an outlet about halfway between the to{) and the bottom. 
The producer hafc water bottom, so that clinktr and ash 
can be drawn oilt while the plant is working, and almost 
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any kind of coal can be usjd which does not contain morp 
than 31 to 35 per cent, volatile mjitter. After le^^ving 
the producer the hot gas passes through a va^rizer to 
cool and also assist to raise the steam ^required. It then 
paif^s through special scrubbers to remove dust, scot, etc., 



but in this process there is no ftir, as it is converted into 
gas in the producer, and up mechanioal or otho^ tar 
extractor is required. 

The calorific value of this gas is nearly the same as that 
made f|;om anthracite, and under good conditions the 
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oonsumption of coal of fairly ^od quality in pieces oi > 
about J to 1 inch ci^be is a little pver 1 pound per b.h.p. ) 
hoqr. 

During the last,fe\Y years the great dovelopment^of the 
oil-hardening industry has created a demand for large 
quantities of pure hydrogen. In the Lane process this 
gas is produced by means of a special retort which is the 
result of the research work of Mr. Howard Lane during 
the past fourteen years. The retorts used are of the 
vertical typo, and consist of cast-iron tubes 1| inches 
thick, 9 inches internal diameter, and 9 feet 9 inches long, 
having end covers for charging and discharging, and 
arranged in a brickwork casing. The basis of the process 
is the alternate oxidation and reduction of iron by 
steam and water gas respectively, and the purification of 
the hydrogen formed. The retorts are first charged 
with spathic iron ore, which on heating parts with its 
carbon dioxide and yields ferrous oxide. This oxide 
is then reduced by heating in a stream of purified town 
gas or water gas, and then subjected to the action of 
st^am, whereby the iron is oxidized and hydrogen 
liberat^)d. ^Although the process j,is chemically simple, 
the successful results obtained depend largely upon the 
inventor’s mode of®working. Since the production pro- 
cess takes twice as long as the oxidation process, Mr. Lane 
arranges three groups of retorts, so that two groups are 
reducing while one is oxidizing. In the experimental 
plant at Ashford the control valves are operated every 
10 minuted, so that each retort produces hydrogen for 
10 minutes every half-hour. Froifi time to time it is, 
found necessary fjo bum out the iron in a current of air, 
in order to restore it? activity, 'the iron becoming poisoned 
by the accumulation of sulplyir and^ other • impurities 
whioii find their way palt the scrubbers. Owing to 
the conditions of the reaction, an excess of water gas 
is needed to obtain complete reduction ; hence % certainj; 
amount of this g4s passq? from the retorts unused, but at 
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a i»wr svsbge it is dried |nd used for firing the retort^. 
The purity of the hydrogen produced by this proceite 
is stated to be from 99 to 99 J per cent., and* the cost, 
depeijding upon local conditions, is Ipw enough for its 
prpduction on a- commercial scale. 

^ Kilns. — This typo of apparatus is ufed when it is 
necessary to subject material to the action of a high 
temperature in order to drive oft moisture br some 
volatile constituent. They are mostly used in the cement 
and gypsum industries, and may be divided into the 
stationary and rotary types. Of the former type the 
primitive limekiln needs only a mention, but a modified 
form consists of a vertical steel cylinder lined with 
firebrick up to 10 feet in diameter and 60 feet in height. 
The fuel is kept apart from the limestone in two fire- 
places built in the sides, and so arranged that the hot 
gases pass through the kiln and the ashes fall into a 
separate ashpit below. 

In the chamber typo of kiln a series of chambers aie 
built round a central stack and connected to it by flues. 
The chambers’, which are alternately charged with IPhel 
and limestone, are ^ arranged that any one may be 
disconnected from the flue and separated from the other 
chambers by partitions as required. » Thus the licne may 
be removed and the chamber recharged and set into 
operation with considerable saving of fuel. In the gypsum 
industry the kiln takes the form of a beehive with a 
flat floor* resting on a cylindrical base in which are 
doors, each opening into a furnace. The kiln, which is 
built of brick, is abbut 16 feet high and 30 feet in dia- 
meter, and is arranged so that the ^ot gases are led 
through flues on the inneifsidejof thp 1^ down through 
the material to an und^rgrouild flue to the stack. As 
1 rule a white heat is maintaftied for thrdb days, when the 
lumps are removed and reduced to a fine powder for the 
purposes of cement. 

The •rotary calciner (Eig. 1J7) usetl in Idle gypsrm 




industry consists of an inclined cylinder 30 to 70 feet long 
and 5^ feet or moie in diamel^r, s^ at a Small angle to the 
horizontal and caused to revolve slowly, having roller 
bearings and trunnions and a heavy gearedt driving 
wheel at ope end. The cylinder is housed in brick 
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casing, in one part of which is situated the furnace, the 
bottom part consisting Si chambers with perforatecl 
tops, about 2 feet aboW wliich is *a perforated arch. 
Through these j)erforations cool air passes, and mixes with 
the hdt gases, which are drawn by ‘a fan connected 
to ^he top end of the cylinder through tlie bottom chamber 
and up the cylinder as the material passes down. A 
certain amount of the gases passes through the ajch into 
the cylinder through ducts arranged hi the length of the 
cylinder and protected on the inside to prevent any loss 
of material. Lifting blades running the entire length of 
the cylinder keep the material in motion during the ten 
minutes or so that it takes to travel the whole length. 

By the use of a recording thermometer at the outlet 
and the operation of the cool air damper a steady tempera- 
ture can be maintained throughout the operation. 

In the Portland cement industry rotary kilns are used 
up to 150 feet in length, made of -J-inch steel plates with 
single strap butt joints and lined with some refractory 
material. The cylinder, which has an inclination of 
about 1 in 15,^ is driven near its middle by a train^f 
gears at a speed of from 25 to 55 revolutions an hour. 
The top of the kiln, wAll’o there is a water-cooled feeding 
device, projects into a flue connected with a firebrick- 
lined shaft provided with a door or damper. Tlie lower 
end of the kiln has a removable firebrick cover having 
openings for the discharge of cliid^er and for the heating 
apparatus, which may consist of a jet of powdered coal, 
worked by a fan or compressor, which partjy supplies 
the air necessary for, combustion . » 

• The Muffle Furnace. — When it is ne-iessary to calcine 
material without having cgntact with t^he hot gases the 
muffle furnace is employed. Tl^ muffle itself is usually of 
firebrick, and the Hues aifo arij^nged so tlvxt the hot gasQs 
first pass beneatk the bottom of the muffle and then over 
the top back to a point near the grate, and thence to the 
chimnej;. In caaies where any gas has ,to bo discharged 



170 INTltoDUfenON TO. CHEMIOAL ElIGlNEEEING * 

^om the muffle a pipe is fixe^ to the top to allow of its 
rea^y escape. 

The Keverberatory Furnace, — In this type of furnace, 
which has extend ve application, the material treated is 
exposed to the direct action of the gases from the.%e. 
It consists of an arched brick chamber lined with fire- 
brick, at one end of which is placed a grate for heating, 
and at' the other* ejid a chimney to cany off the waste 
gases. The material is placed on the floor of the arched 



Fig. 118 . — Siemens Regenerative Furnace: Diagram. 


chamber and heated directly by the hot gases from 
the grate, ^ which are deflected upon it by the ‘arched 
roof. By regulating the supply of air an oxidizing or 
reducing action oan be obtained at will. To obtain the 
former effect the firebars muat be set well apart and the 
fuel fed in a thin' layet, and for the latter effect the 
fireb^ars must bei^set closer and tie fuel ffed in so as to form 
a tliick layer. 

The Regenerative Furnace* — ^Fig. 1 1 8 is a diagf^ammatio 
illustration of this type of furnace, wWch owe* its in* 
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caption to Siemens. The^ object of this furnace is to 
recover as much heat as possible from the flue g^sesj 
To effect this the fumabe is cbnnected with a ‘number 
of chambers or flues filled with firebrick, through’ a 
cer^fyn number of which the hot waste gases pass, thus 
giving up their heat to the firebrick packing. After 
about twenty minutes to half an hour the waste gases are 
diverted by means of dampers to a fresh set of cool flues, 
and at the same time the incoming gas and air is made 
to pass through the heated flues and recover the heat 
therein. In the glass -making industry the pot furnaces 
are frequently of this type, although the recuperative 
furnace, in which there is no reversal of draught, but 
the incoming gas is made to pass over fii'eclay tubes 
heated by the waste gases, is also in use. 

Boasting Furnaces. — The chemical industry of this 
country requires enormous quantities of sulphuric acid, 
the production of which depends upon the oxidation of 
huge quantities of sulphur. A gi’eat proportion of this 
sulphur is obtained by heating ores which contain sulphur, 
in specially constructed furnaces, which aim at producing 
sulphur dioxide gas inj^s pure a state as possible.* 

Fig. 119 is an illustration of a mechanical roasting 
furnace for copper and iron pyrites^ spent oxide, gold 
ores, silver lead ores, concentrates, zinc ores, etc., made 
by the Harris Furnace Co., Ltd., Sheffield. 

The furnace is built in vertical sections separated by 
division walls, and each section is divided into the desired 
number of tiers by arched floors. In each sedition there 
^are two vertical rabble shafts mounted oh substantial 
ball-bearing pedestals, which are adjifstable for height 
and separated from the interipr of ^ the furnace by an 
arched opening accessiblp from* the outside at any time. 
There are two ty]^s of lihaftB used, known as the V A’*’ 
and “ B typek, illustrations of which are shown in 
Fig: 120* and Fig. 121 respectively. .The “A** type is 
so consfeucted tliat it can be easily takeh to pieces, or any 




in the top and bojbtom joints. The shaft has a separate 
flow of water to e^cti arm, and a return te the centre of the 



o 






Ftfo. 120. — ” Type Shaft x^on Roasting Fjjrnace. 
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^ihaft, thrbugh whicli water is carried up, whence it is 
*taken off at a lower level than the feed into the pan, 
and* is .then conveyed througl| suitable piping, to be 
disposed of as desired. 

When only havd .water is‘ available for cooling, type 
“ B ** shaft is used, as the “ A ’’ type is liable to beCfime 
choked with lime deposit, which, stopping the flow of 
cooling water, allows the arm to become red hot and 
possibly be burnt* off, thus necessitating the closing 
down of the whole section. In the “ B ’’ type the arm is 
detachable from the shaft by removing the first rake 
in the arm, which rake also acts as a locking piece to the 
cover plate on the front of the boss. The cover plate 
not only holds the arm in position, but also prevents 
any gases from the furnace entering the shaft, or air in the 
shaft reaching the furnace. The arm can bo either air 
or water cooled on any or all of the hearths, and in the 
latter case the water pipes are lowered into the arms 
from the top of the shaft, the joint thus being inside 
the shaft and obviating the possibility of water getting 
inside the furnace. The very simple construction on 
tlie top of the shaft is so arranged that ho arm but the 
one to ‘be operated on need be inttrfered with, the water 
pipes being lifted from the arm projection inside the 
shaft. ®The first rake and cover plate having been re- 
moved (working from the furnace door), the arm is then 
free of the shaft and can be drawn out and replaced, 
and the necessary repairs to the defective arm carried 
out as desired. Each arm has at least a 1 J-inch* water way 
and a separate flow and return governed by valves at the 
top of the shaft, ^o that the heat from each arm can be* 
tested and the gp*owth of deposit observed. The water 
is taken off at the bottoifi of “the shaft, thereby causing 
a current of cold air to* tiavei^up the shaft, and also 
relie'^ing the arms of any pressure. ^J^en air-cooling 
is used the air enters the shaft at the bottom, and^ passing 
through an opening in the bottom of t]|^e arm, it travels 
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along and^returns overhead; thence it re-enters the shaft 
,*from the top side of the arm and travels upwards, finding 
its exit rat the top ‘'of the shaft/ The illustration shows 
the lower arm being air-cooled and the upper arm water- 
cooled. - • ‘ • 

The rakes are of the slip-on typo, and can be easily 
changed in a few minutes; consequently the pattern or 
pitch of the rakes can be so arranged that different 
depths of mateiial dan be maintained on each bed without 
interference with the discharge. Thus on the top bed, 
where the combustion is most rapid, a shallow working 
load can be maintained, while on the lower beds, where 
the sulphur is partly burnt off and it becomes necessary 
to retain all the heat possible, a deeper load can be 
kept with advantage. This interchangeability of the 
rakes is a groat advantage in the roasting of spent oxide 
and different grades of copper or iron pyrites. 

The ore to be roasted is fed through a suitable feeding 
arrangement in the roof of the furnace, adjacent to the 
centre of one of the shafts in the uppermost tier. The 
rakes on the first arm are so arranged that the ore is 
gradually moved towards the circumference of the arm 
path, whence it comes under the 6'fetrol of the other arm 
in that tier, the rakes on which are arranged to move 
the ore towards thebentre of the arm path, whence the ore 
passes through a feed opening to the next tier. This 
operation is repeated in each tier until the ore is finally 
delivered from the lowermost tier into a discharge spiral 
convVjyor or other suitable arrangement for dealing with 
burnt ore. The gas apertures are a,n’a^nged at alternate 
ends of the hcartj;is, and rakesLarc provided on the roof*' 
of the furnace fo^ utilizing waste heat for drjdng damp 
ore or other material*. In Jthe event of repairs or renewals 
being necessary, jbhe section effected is cooled by stopping 
ihe feed to the same and opening fully all its air doors, 
without interfering with the work of the reanaining 
lections. 
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Driving belts are dispensed with throughoui the whole 
furnace, and the separate? sections are driven by claw* 



clutch gears froA a main shaft, which is in turn driven 
fipm the ’engine, motor, or existing line shafting. The 


12 
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sections \#liich are independent of one another require 
Jibout 1 b.li.p. per vertical sh^ft, and the additional heat 
obtained in the Glaver tower ttifough having no separate 
dust chamber enables the whole make of the plant to be 
concentrated in 'the tower into acid of from li45° to 
150° (T.). ‘ ^ « 

The following are the capacities for a twenty -four hours’ 

roast of various sizes of the Harris furnace : 

« 


Ground Sjtace. 


Cop2>er Pyrites or 
Hpenl Oxide. 


44 foot X 20 loot. 28 tons. 

33 „ x20 ,, 21 „ 

23 „ x2() „ 14 „ 

12 „ x20 „ 7 „ 


22 foot 6 iiichos x 22 feet. 


Australian Zinc lUende. 
12 to 14 tons. 


One man can easily attend to two or throe furnaces, 
roasting from 45 to 60 tons of ore per twenty-four 
hours. 

Fig. 122 illustrates the type of furnace made by 
Huntington, Heberlein and Co., Ltd., Itondon. It has 
a cajmeity of 5 to 5| tons of 48 per cent, pyrites in 
twenty-foSr hours, according to tlie composition of the 
ore, a^jd has an air-cooled shaft with natural draught 
and a top drying shelf. The furnace has a diamett^r of 
13 feet, requiring 370 square feet of floor space, and has 
seven hearths giving a total hearth area of 624 square 
feet. The power required is f h.p. and a du^t-proof dis- 
charge and funnel are also provided when nocessaYy. 



CHArTER VI 

WATER TREATMENT PLANT * 

The attempt to obtain a universal solvent engaged the 
major jiortion of the time of a great many alchemists. 
Had they been content with a comparatively slow action 
and with dilute solutions, they would have found that 
water was the nearest, approach to their ideal that it was 
possible to find. This solvent property of water, to- 
gether with the operation of the laws of mass action, 
should always be present in the mind of the chemical 
''engineer. All natural waters arc more or le^s impure, 
and the nature and extent of the purification required 
depends upon the uses to which they are put, which may 
be roughly classified as follows: (1) Food puiqwses; 
(2) the manujj^cturo of industrial products; aneW^S) 
steam raising. ^ 

The method of rem^ng insoluble material find matter 
held in suspension has already been dealt within con- 
sidering filtering apparatus, so that the matter of concern 
at the moment is the removal of those dissolved substances 
by methods.other than those of distillation, also previously 
mentioned. 

The ‘presence of dissolved minerals in natural waters 
is the cause in boiler-room practice of the trouble of 
'^cale formation, corrosion^ and foaming. 

From the nature of the, substances dbneerned, waters 
containii/g a certain amount dif inorganic impurities are 
termed hard, and the process Tesorted to for , their pui;ificfl- 
tion is called wa^er-softening. 

When hard water is evaporated th^ mineral impurities 
dissolve,^ in it are precipitated, and settle upop the shay 
179 
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§»nd tubes of boilers as hard scale, the rate of incrustation, 
Its composition, hardness, an^ density, depending upon 
the quality of the water, the stftam pressure, and other 
circumstances. 

If we take the steam requirement, of the aVerage 
engine as being equivalent to 2 gallons of water per 
horse-power indicated per hour, and . that the water 
contains 15 grains of scale-forming salts per gallon, wliich 
is less than is commonly the case, the scale deposited 
in a working day of ten hours amounts to about f ounce 
per i.h.p. 

Calcium and magnesium in the form of carbonates and 
sulphates form about 90 per cent, of the scale commonly 
found in boilers, which forms an insulating medium 
with a high power of resistance to heat. Professor 
Rankine estimates that the heat resistance of carbonate 
of calcium is seventeen times that of iron, and of sulphate 
of calcium forty -eight times that of iron. He therefore 
calculates that J inch of average scale necessitates the 
expenditure of 16 per cent., J inch of 50 per cent., and 
l^fich of 150 per cent., extra fuel to generate the same 
amount of steam, as compared with a elean boiler. 
It has bee^i ascertained in this connection that, whereas 
the tepiperature of a clean boiler plate is only 350° F., 
the temperature ol the same plate covered with | inch 
of ftcale is 750® F. — fe., 400® F. above the temperature 
actually required to convert the water intp steam, in- 
volving the dangoi^ of collapse of the furnac§ crowns. 

CorrosioQ or pitting is mainly caused by the prefeence of 
free acids irf the original water or*fofmed by the inter- 
action of the solutes under certain conditions of tern* 
perature and pifessure obtaim^d in the boiler. Chlorides 
of the metals are particuJU-rly ready to dissociate and form 
kydfochloric. a«id in the presekee of •moisture, and the 
results of mass action become apparent wherever differeni 
phases of iron of*t;he boiler are in contact, such as at the 
rivets. Xbe most abundant chloride found jn watei 
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is that of magnesium, a^d it is the frequent cause 
serious trouble in boilers.^ Nitrates are also found^ and 
also exert a similar coiibsive action.* • 

Foaming is essentially the formation of large masses 
of Rubbles on the surface of the water in the boiler and 
in the steam space above, which do not break readily 
and release the* steam. The strength of the film is 
dependent upon the nature of the water in the boiler, the 
steam pressure, and other conditions present, but as a 
rough guide the tendency to foam is measured by the 
concentration of sodium and potassium salts in the 
water. It is obvious that since surface tension is so 
readily a variable quantity, the prevention of foaming 
largely depends upon the skill and experience of the 
operators. 

The following mineral impurities are of common 
occurrence in water: , 

Calcium Carbonate. — ^In its pure state it is only slightly 
soluble in water. It, however, dissolves freely in water 
eontaining carbonic acid, forming calcium bicarbonate. 
When water wntaining calcium bicarbonate is hoirtcd, 
the carbonic acid is ^jven off and the normal cai*bonate 
is precipitated. Calcium carbonate by itself forms a 
comparatively soft scale, but with other ingredienj^s in the 
water forms a hard scale. 

Calcium Sulphate. — ^This forms a hard flinty scale? and 
attaches itself very firmly to the boilers. 

Calcium Chloride. — This substance is very soluble in 
water, and will not cause incrustation or deposit, but, 
being a chloride,* it* will readily react to* form calcium 
sulphate, and also cause dorrosion. 

Calcium Nitrate, — This* has, a similar action to the 
chloride, §nd readily forms th& sulphate, and also causes 
corrosion. 

Magnesium Ghrbonate. — ^Has a similar acnon to eaieium - 
carbonate, its normal carbonate bei»g sparingly soluble, 
while i4e bicarbonate is much more sohible 
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Magnesium Sulphate . — ^It is jrery soluble in water and 
d^)es ;iot form a scale, but in, the presence of calcium 
carbonate both calcium sulphatj(j and magnesium car- 
bonate are formed, as scale. 

( 1 / 

Magnesium Chloride . — This does not form a scale, ^pt, 
being a chloride, it readily forms hydrochloric acid, 
which causes corrosion . 

Sodium Sulphate .^ — Is a very soluble alkaline salt 
which does not form a scale, but increases the tendency 
to foaming. 

Sodium Chloride .- — ^It behaves similarly to the sulphate, 
and is fairly stable at boiler temperatures, but, being a 
chloride, must bo reckoned with accordingly. 

Iron . — This is usuall,y present in the form of the 
bicarbonate, which readily gives up its carbon dioxide 
and is oxidized to the hydroxide, forming a gelatinous 
scum. In u acid water the sulidiate may be present, 
but it is very readily treated. 

Alumina . — Is found in small quantities in most 
waters. 

Silica . — Is found in nearly all waters, and when 
present ‘in appreciable quantities ^it unites with other 
ingredients 'to form an extremely hard scale. 

Carbon Dioxide .— is found in all natural waters 
in excess of that required to form the bicarbonates 
found in solution, and is the cause of a certain amount 
of corrosion. » 

Hardness which is caused by the presence of such 
substances as the bicarbonates which are precipitated 
on boiling is ‘known as temporary ^hardness, the other 
salts producing ijSrmanent hafdness, the two together 
making up the total Jliardness of the water. 

Messrs. Sofnol, Ltd., Greenwich, who are qxperts in 
wa^r^softening. Very truly ifemafk that softening is not 
so much a mechanical as a chemical pfocess, and too 
much attention is generally paid to the mechanical part, 
whilst the chemistry is allowed to take ils chancct The 
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function of tho machine Js to bring the water into in^ 
timate contact with the proper amount of the chemicalsi 
to remove the precipitates formed, afid to delivi'r a clear 
effluent. 

chemistry of the process is fhe formation of now 
combinations, which, being insoluble, allow the machine 
to perform the • mechanical part and deliver a clear, 
softened effluent. 

The chemicals must be — 

1. In a fine state of division. 

2. As light as possible. 

3. Quickly soluble. 

4. In proper proportions. 

5. Uniform in comjKjsition. 

]i\irther, they must act immediately, do their work 
' as quickly as possible, and yield precipitator which 
readily settle. 

If these conditions are fulfilled and the machine brings 
the chemicals into intimate contact with the wate^r, then 
the water will# be projwly ^?oftened; but if these on- 
ditions are not fulfilljyl tlie process is a haphazard one, 
and the results are neither concordant nor satfsfactory. 

The process of softening a carbonate water is essentially 
different from that required by a sulphate water. In 
the first case the withdrawal of the free carbonic «cid 
removes the solvent of the carbonates ; they thus become 
insoluble a^id the water loses its hardness. On the other 
hand, *the sulphates, being dissolved by tho water itself, 
are not eliminatefl by tho removal of the Carbonic acid, 
*and some other material ^eqidres to 1 k) added to cause 
them to become insoluble. C£^fbonate of soda is gener- 
ally used for this purpose, bu!» this cannot act so long 
as free carbonic a'cid reAiainii in the water. Each grain 
of free carbonic* acid means that every 1,000 gallons of 
the water will put 5 ounces of carbonate of soda out 
of action and prevent it doing its work as a clestroyer of 
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^ulphate of lime and its analogues. Hence, unless the 
free p,cid is removed there is a groat waste of soda, and the 
softened' water has a high residikl alkalinity, which will 
render it unfit foi; many purposes and manifest itself un- 
pleasantly in the boilers. 

Water -softening being a chemical operation, the factors 
of proportion, time, and temperature apply, and practical 
experience serves to show the many difficulties to be 
overcome. A great deal depends upon the selection of 
the proper type of plant for the work in hand, and when 
the water exceeds a moderate hardness the lime and soda 
type becomes a necessity. This type of plant, when 
properly designed and with due attention, will give satis- 
factory results. 

There are two general types of lime-soda water-softening 
plants — the intermittent and the continuous types. The 
intermittent type, which possesses several advantages, 
usually consists of two large tanks, each tank holding 
at least four hours’ supply of water. The process works 
intermittently, so that when one tank of water is being 
soffened the other tank is being filled wtth hard water. 
The volume of water in the tanje^is known, and to this 
measured volume of water of known hardness a weighed 
quantity of lime and soda is added — the lime in the form 
of milk of lime and the soda in solution form. The 
contents of the tank are then thoroughly mixed and 
allowed to settle, when the calcium and • magnesium 
compounds fall to the bottom of the tank.» The clear 
softened water may then be drawn off for direct* use or 
into a store* tank, and the precipitated solids di’awn 
off by an outlet iSa the bottonf of the tank. 

Owing to the facilities ^or control, this is probably the 
most exact method of « water-softening, an^, with an 
ordinary hard water, praclfccaiy the whole of the hard- 
ness-forming salts can be removed, alid the softened 
water contains the minimum excess of lime dnd soda. 
In a works where there is sufficient rodm for tanks, and 
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first cost is not essential,^ it forms probably the most, 
satisfactory plant. 

The continuous -proce&% plant, taking less robm imu 
requiring less attention, has» been more, developed. ;^or 
sucrjpgsful working it must conform to the following 
conditions: 

1. The lime amd soda control system must work 
accurately. 

2. The tank capacity must be largo enough to enable 
the chemical reaction to complete itself fully. 

3. The lime and magnesia sludge must be easily 
removable from the plant. 

Fig. 123 gives a view of a rectangular form of the 

Lassen -Hjort ” automatic water-softener made by the 
United Water Softeners, Ltd., London. 

This apparatus is designed to perform the following 
functions : • 

1. Measurement and proportioning of the water. 

2. Measurement and proportioning of the chemicals. 

3. Settlement and filtration of the precipitate. 

4. Regulation of the supply of both untreated «r.nd 

softened water. • 

The main parts of the apparatus are the mixing and 
measuring apparatus and the settling ^anks and filters. 

The measuring apparatus (Fig. 124) operates by leading 
the hard water intb the plant by a pipe which alternately 
fills each of* the compartments of a two -chambered tipper 
oscillating! on a shaft carried in bearings. When one of 
these compartments is full of water the disturbance 
of equilibrium causefe the tipper to overbalance, and, by 
doing so, to discharge its Contents into ’the tank in w^hich 
it is suspended. At the «amq time the other compart- 
ment of tjie tipper is lyough^ under the orifice of the 
inlet pipe and filled in^ts ttim with hJlrd water/ 4^0 i)o 
discharged in tBe same manner when full. As a definite ^ 
quantity of water is passed at each t)Scillation, by at- 
teching a counter to the tipper shaft, the quantity of water 



186 INTRODUC^lTON TO ‘bHESilCAL ENGINEERING 

r 

^passing through the plant can he accurately deter- 
^ mined. 

At each discharge of water ^from the tipper into the 



tank a corresponding amount of water in displaced from 
this tank through standpipe and shoot intd the re- 
action chaipbcr, and here it receives at the same moment 
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the requisite charge of chemical solution from the semi- 
circular container affixed to the side of the tipper tank. 



This is t^ffected by the positive discjiurgc valve placed 
in the bottom of the chemical container^ which is opened 
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^at every movement of the tipper, and caused to deliver 
into, the reaction chamber the exact amount of softening 
reagent (in the majority of cas^s a mixture of lime and 
soda ash) required to soften it to the guaranteed figure. 
The valve can be adjusted to delher any spepified 
quantity of reagent required by the volume of water 
in the tipper. 

In the illustration of this valve (Fig. 125), ^ is a 
cylinder fixed to the bottom of the chemical reservoir, 
into which screws an adjustable cylinder B, secured in any 
desired position by the back nut C. Within these two 
cylinders work two valves, D and J57, the latter screwing 
on to a tail piece F, projecting from the valve D. The 
pitch of the threads on this tail piece and the adjustable 
cylinder being the same, any movement of the cylinder 
B results in a corresponding movement of the valve E, 
owing tcb the valve E having a feather G working in a 
key -way H cut into the cylinder B, The valve D is 
provided with a flat face and a piston body, which latter 
prevents any chemical solution being admitted into the 
adjustable cylinder until the lower vaWo E has closed 
the outlet ports J, The operating gear consists of a 
double lever K fixed to the rocking shaft L of the tipper. 
These Jevers are ^xed to the vertical valve spindle by 
two loose links M and trunnions N, clamjx)d against a 
scr<?wed sleeve 0 by the lock nutP. These levers, when in 
operation, impart an up-and-down motion to the valve. 
The screwed sleeve 0 works between rollers Q carried 

• V 

on to the bridge E. The object of the weight 8 is to keep^ 
the valve D liight on its seat. 

The oscillating receiver iS prevented from tipping 
until it contains a predetermined quantity of water by 
means of a locking geap^constructed as follox^s: To the 
end . plate of each compa^tmeiit of tie tipping bucket 
is attached a bracket carrying a balk float and lever, 
and a vertically^ sliding rod actuated by the’Sse, which 
latter at s> certain height of the wa1er lifts wa lever 
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Fig. 125. — Posi’yvE Discharge Valve i \) i . Water*boftening 
^ AfpahAi^S. • 
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fulcrumec^i on the angle-iron edge* of the tank, and 
engaged with a notch provided on the bracket before 
mentioned. On further rising, the lever is disengaged 
from the notch and the bucket tips. A link from the end 
of the tipper shaft operates a counter, which legisters 
the number of tips. 

The heavier portion of the precipitate produced by the 
addition of the measured quantities of softening reagents 
to the miter settles to the bottom of the reaction chamber, 
whence it is removed daily by opening the sludge cocks. 
The finer j^recipitate, which will not settle, is retained in 
filters consisting of wood fibre packed between two rows 
of wood bars. The filters require cleaning, on an average, 
about every two months, which operation is effected 
by removing the top bars, by loosening the fibre, and 
washing it through with water. 

The chemical container of the softener is designed, in 
the majority of cases, to hold eight to twelve hours* 
supply, when it can be refilled from a mixing tank 
situated in any convenient position. 

Fig. 126 shows a cylindrical type of softener which is 
use'lul where soft water is required to be delivered at a 
height.* The operations involved)^ are the same as pre- 
viously described, but the water from the measuring 
appara'Cus passes down a central tube, depositing preci- 
pitate as it slowly rises up the tank and through the 
filters to the storage tanks, 

Permutit. — This is the name given to an artificial 
zeolite haying the formula AbOg.lOSiOa.lo’NaaO, and 
marketed by the United Watfr * Softeners, Ltd.,'' 
London. , , 

The valuable property of this substance is the readiness 
with which it will exchange its sodium for calcium and 
magnesium, thq reaction bping', reversible, and therefore 
solely a question of mass action. Therefore, if hard water 
is passed through a bed of Permutit, a calcium-magnesium 
Permutit is formed, and only sodium salts pass tjirough ; 
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but although the hardness is Removed, the tot|-l amount 
of solids remains the same# 

When the sodium of the^Permutit is exhausted by* the* 

k ^ • 



Fig. 126 . - Cyltnuricaj. VVATKa-soFiKNiNG Apparatus. 

replacement with calcium ana magnesium, iz is rreatea 
with a aolution of salt, which by ma§s action converts 
the Peynutit back to its original condition. 
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The simplicity 6f the chemical reaction ‘finds ite 
counterpart in the extremo^ompactness- and convenience 
of the apparatus requis^ilb for the »softening process. 
A Fermutit softener, of which a sectional view is given 
in Fig. 127, consists simply of a cylkider to contain the 
Perihfltit, connected with a receptacle holding the salt 
solution for regeneration, and fitted with the necessary 
valves for controlling the water flow. 

The design of the plant and the natftro of the Permutit 
process favour the carrying out of the softening under the 
ordinary pressure of the water mains, thus giving this 
system the great advantage that it can be connected to 
the water main in any position without the necessity of 
pumping twice, or of arranging for a gravity flow of 
softened water. 

The removal of iron from water is accomplished by a 
Permutit in whicli the sodium is replaced by an oxidized 
product of manganese which oxidizes the iron to the 
hydrate which is retained by the filter. When the 
oxidizing properties of the Permutit are exhausted they 
are restored by^means of a solution of potassium gcr- 
manganate. 

The Permutit proce*^ Vill give water of zero# hardness, 
which is of inestimable advantage in many industries, 
such as silk and cotton dyeing and bleaching,* wool 
scouring, laundry work, etc. 

For food and drinking purposes water is sterilized by 
injecting liquid chlorine and removing the excess by 
sulphui* dioxide, and the jdant is mostly of the natfuro 
^vith which the chomipal student is already familiar. 
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THE CONTROL OF TEMPERATURE 

In most chemical industries reactions have to be carriec 
out at definite temperatures, and as these temperatures 
are in most cases well above the normal atmospheric 
temperature, some means of temperature control k 
necessary, so that the process may be worked efficiently 
with the least possible consumption of heat units. The 
commonest form of heating is by means of steam, and 
James Baldwin and Co., Keighley, have devised a system 
of tcimpcjrature control which, applied to steam, acts 
independently of the boiler and controls the steam supply 
during boiling and other processes. This device is known 
as the “Isothermal ” (electric -mercury thermometer -con- 
trol) valve, which is claimed to rogulatd automatically 
temperature to within 1®F. 

In the case of steam the su^^y is controlled by elec- 
tricity, so* that the parts of the control, consisting of 
the valve, thermometer, and the transformer, may be 
separately fixed in suitable positions. 

The control valve, of which a section is shown in 
Fig. 128, is fixed in a horizontal position, on the steam 
pipe on the outlet side of the usual steam stop valve, the 
internal parts operating vertically, so that when nbt 
in use the valye is free frapi pressure. As illustrated 
in the section the valve is in the normal position, closed, 
there being no pressure. Instantly steam itf admitted 
the action of the pressure upOp piston C lif fs the piston 
valves D D full open, allowing a full-bore passage for the 
steam at any oi; varying pressures. The valves D D are 
of the equilibrium type, and are cast on the same stem 
194 
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as the pistons B and 0, the piston G being smaller in^ 
diameter than the piston B. In the cover of the vajve-* 



Fig. ISOTIIEIIAIAL *’ StEA* VaLVE 


body is a small valve A, which is ih’the centre of a 
solenoid? There is a connecting j)ij)e F to the valve A 




196 INTRODUCTION TO bHEmCiii El^j31NfE)RiNG* 

cfrom tho inlet or pressure s^e of the pistons (7, B D. 
^When pressure is admitted jto tho valve the pistons 
(7, B are forced up against tho cdver or end of the cylinder 
which forms thft outlet side of the small valve A, and 
the. valves DD are fully opened. If the valve ^ bo 



r. 

Fig. 120. — “Isothermal” Thermometer. 

< v 

0 

raised from its seating, < the dnlot pressure passes along 
the pipe F, and, acting 6n the large piston .B, forces down 
fnto their seatings the talveS^ D D\ shutting off th^ 
steam supply. If the small valve A iSe allowed to fall 
on to its 8eatin^,‘the pressure upon the largd* piston B 
is reinoved (a small escape for this pressure isc situated 
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between the valve A and piston J5), and the boilA pressure 
acting on the piston 0 op8ns the valves DD full bore.J 
It will be noted that the pretons J5, C and the valves D D 
are operated by steam pressure, while the valve A in the 
solenoiu is operated by electricity. • 

A* mercury -column thermometer acts as an electric 
switch, and is specially constructed, having terminals 
for connections, as shown in Fig. 129. The theiraometer, 
suitably calibrated, is fixed in a selcdted position on the 
vessel of which the temperature of the contents is to be 
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Fig. 130. — G.A, “ Isothermal ” Tempf^iature Control 
Apparatus. 

c* • 

controlled. The bulb of the thermometer is connected 
• * 
to one terminal, and the top is closed by a cork carrying 

a platkium* wire which can be adjusted so as to nfake 
\ 5 ontact with the meipury at any desired temperature. 

♦ This switch operates the; solenoid in ^he valve through 
a transformer and relay cormected up as shown in Fig. 130 , 
the current required for eacK^ val'vie being ‘about 0*6 
ampere at* 110 voits, an4 <or^the thermometer. 15 n^il|j- 
amperes at 1 vqjt. 

In cage of failure of the current s^upply the valve is 
free to ojien, and4;he steam supply can be manipulated by 
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hand in iSie ordinary manner, or the^ valve can be con- 
^fetructed to shut off autoln£tically the steam supply 
untfl the current isf again restcfr^d. 

The very wide range of application of this system of 
temperature control includes the steam heating of fafctories. 
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etc., hot water heuting, and the cooling of vessels, bypassing 
cold water to maintain 4 lower temperature required in 
many chemical ;processes. JFig.’J31 is a diagram showing 
its application to*a still, and Fig. 133 application 
to a jacketed paij. An exceedingly important application 
is its use in a dye vessel for dyeing piece goods, Jo which 
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it is connected as Shown in ifrig. 133. It can%lso work 
as a reducing valve for nlaintaining an exhaust steamj 
pressure at a constant ^Jessure of, «ay, 5 pounds* per 
square inch, by admission of high-pressure live steam^as 
shown in Fig. 134. Applied to a vulcanizing press, pan, 
or cylinder, as shown in Fig. 135, it will maintain a constant 
temperature and reduced steam pressure, or, as shown 
in Fig. 136, maintain the blast to gas producers at 



►constant temperature and composition. F^.* 137 shows 
►how this apparatus can be used for the automatic regu- 
lation of the temperature and humidity of cotton-spinning 
and othef rooms. Fig. 136 is a^diagram of th^ valve used 
for regulating th^ temperature of superheated steam by 
the admission of saturated steam, and Fig^. 139 and llo 
illustratq in section the valve for regulating the gas 
svpply^for sizes, inch to inch lore and f inch to 








130. — “ IsoTH jRsiAL ” Control of Blast for Gas Producer. 
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2 inch bore respectively fo^r gas-heating syjitems, and 
automatically regulating the temperatures up to 600® R 
It may bo used to regulah| a fan so that it operates at any 
desired temperature, or as a steam main isolating valve, 
or for A^inding engines and for other purj^loses too numerous 
to ^fcntioii. 


# 

Fig. 189.- “ Isothermal ” Gas Fig. 140. — “Isothermal” Gas 
Valve. Valve. 

Refrigerating Machines. — ^The problem of maintaining 
temperatures below the normal atmospheric temperature 
demands tto use of refrigerating machinery such as is 
made*by flie Lightfoot Refrigeration Co., Ltd., London. 

The cold storage, of food is familiar ta all, but this 
forms only a portion of ,the field of |ipplication of the 
mechanical production of cold. In dyeworks refrigerating 
machinery is indispensable f^r producing iast colours 
and even* for colouring^'^wit^ certain d]fes. IJie si^p^ly 
of natural silk^s considerably augmentecf by its fise tc 
regulates the hatching, out of the eg^8j;6 suit the supply 
of foo^ available for the silkworms, while artificial sill 
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'also depeifds upon it in the propess Sf converting pulp 
fnto silky fibre. It forms an Essential part of the equip- 
ment of, the bacon -curing fact/^r^y, the brewery, and the 
margarine factory, to name but a few. 

In the Lightfoot syctem of refrigeration cold is produced 
by the evaporation of liquid ammonia or carbon dic^Me, 
the vapour formed being afterwards condensed and used 
' over again. Fig. 141 is a diagram illustrating the 
principaf parts of w*Iiich each machine consists. 



RECiULAT INC VALVE 

Fig. 141. — Diagram o^' Lightfoot Refrigeration System. 


The refrigerator consists of a series of coils of special 
welded tube wound each in one length so as to avoid 
inaccessible joints, inside which the liquid ammonia 
or carbon dioxide, entering through a regulating valve, 
is vaporized, thus, reducing the temperature of the liquid 
or material surrounding the coils. ^ 

The condenser, of which a noi^mal open type is shown 
in Fig. 142, consists of a series of coils of special welded 
tubes, inside which the compressed vapours ar.o cooled 
and liquefied, the liquid being returned to the refrigerator;! 
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tKrovgh the regdJiting valve. In order to^ cool the^^ 
vapours the condenser ccAls are eithcrr completely im^ 
mersed in water containpd in a wroi#ght-iron tsgik, t)r a 
spray of water is caused to trickle over the surface of the 
coils. "^The^ amiuonia compressor, • of which a small 
horizontal type is shown in Fig. 143, consists of a cylinder 
of tough, close-grained cast iron, with back and front 
covers of the same material. These covers contain the , 
suction and delivery valves, which ai^ turned out of solid 
steel, each fitted into a box in which is formed the seat, 


I I 



Fig. 142. — Open: Condenser. 

the aAangements being such that any valve can be readily 
withdrawn and replaced without disturbing the con- 
nections. The piston rod is of polished steel, secured 
to the piston, and arranged to work through a special 
stuflSng*box formed in the frq^^t cover. The cross-head 
is of wrought iran, proiVtde^ with a s^jp^r vdth Ja^e 
wearing surface fitted with bronzef bearings, anR the 
connecting rod of polished wrough^ ir6n is fitted with 
white pietal bearing at the large end. The bed plate is 
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of oast ir(Jh, upon which are formed* the guides for. the 
Jiross-head and the bearing foi" the crank-shaft, which is 
ring‘d lubricated. Special oilmg,, arrangements are pro- 
vided for lubricating the piston and for preventing the 
oil from passing ovef into the coils of tbo conden^^r and 
refrigerator. " 

The carbonic acid compressor, of whi(|h a vertical type 
is shown in Fig. 144, has a cylinder machined out of a 
billet of solid steel!' as also are the covers and all the 
fittings. In the delivery valve cap is placed a safety 
valve, which will relieve the pressure in the event of the 
machine being started up with the delivery stop valve 
shut, but which will only allow just sufficient gas to escape 
to keep the pressure within safe limits. Cup leathers, 
which are a frequent source of trouble, are avoided by 
having a metallic packed piston and gland. In some 
eases the ^ ^cast-iron frame forms a casing in which are 
contained the condenser coils, thus making a compact 
machine. 

Ice-making. — The appearance of the ice produced is 
dependent on the water used and on the method of 
freezing — e.g,, ordinary fresh watqr^^frozen without agita- 
tion produces opaque ice. 

Thcr^ are three systems on which ice is made viz., 
(1) the can ice systehi; (2) the cell ice system ; and (3) the 
plate ice system. 

The can yje system employs a number of cans of lead- 
coated steel, of rectangular section, tapering slightly from 
top fb bottom, in which the water to be frozen is placed. 
Those cans ar6 placed in a tank containing brine sufficient 
to immerse them ‘to within 2 or 3 inches of their tops. 
The brine is maintained at a temperature of 16*^ to 20® F* 
by means df the refrigerator coils of the mac? tune, and 
circulated- round‘*the cans untira^ the water in the latter 
is frozen. The cans ere then removed in rowq, and. dipped 
in warm water fon a short time to loosen the icej so*that 
it may be tipped out. 




Fio. 143. — IIoiuzoNTAL Ammonia Compressor. 



Fig. ^44.— Vertical Caubon Dioxide Compressor. 
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The caA system of ice-making is the leitst expensive 
J:n first cost, and also the itiost economical to work, 
and'the.ice formedris either ojt)aqiie or, by the adoption 
of ugitation gear, may be rendered clear to within about 
6 per cent. 

In the cell system a wooden tank is used, in which' are 
placed a number of galvanized iron cells from 10 to 14 
inches apart, through which cold brine is circulated. 
The space between ♦iihe series of cells is filled with water 
which, during freezing, is made to oscillate gently up and 
down. Ice forms on the sides of the cells, gradually 
increasing in thickness until the two plates of ice on 
opposite cells join in the centre to make a single block. 
Warm brine is then circulated through the cells to loosen 
the blocks, which are lifted out of the tank by means of 
hooks or ropes frozen into them . Cell ice is made in blocks 
weighing from 4 to 6 cwt., and from 9 to 14 inches thick, 
which are of convenient size for handling. 

The plate ice system consists of placing flat hollow 
walls of galvanized sheet iron in a large wooden tank 
which is filled with the water to be frozen. Brine or 
ammonia is circulated through the hollow walls, causing 
a plate of 4co to form on each siSe of them, the water 
beings agitated by means of compressed air. When the 
plates of ice are of- the desired thickness — say, 12 or 14 
inches — warm brine or ammonia is pumped through the 
walls, so as to loosen the ice and permit of its being 
withdrawn from the tank. Plate ice is transparent, and 
is the finest quality obtainable. 

Cold Storase. — There are three systems in use, known* 
as — (1) The brine,, pipe system o (2) the direct expansion 
pipe system; and (3) the air osculation system. 

The brin^) pipe systenj^may be used with advantage 
fqr certain purposes, such for. cooling, fermenting and 
storage cellars in breweries, bacon-curing>beds, etc. The 
pipes are placed ceilings«and sometimes on the 

walls of the rooms to be cooled, and cold brine, from a 
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brine refrigerator is pumped through them. An lidvantage 
of the brine system is that^the largo volume of cold brinej 
in the pipes will maintjjiJ the low fcomperature inHhe 
rooms for a considerable time after ^the refrigerat&g 
machiife has stopped. • 

l!h^ direct expansion pipe syfetem consists in placing 
the ammonia or carbonic acid refrigerator coils directly 
in the cold rooms, these coils being arranged in ^ similar 
manner to the pipes in the brine systdhi. The refrigerat- 
ing agent is vaporized in these coils, thereby reducing 
the temperature of the chamber. 

The air circulation system consists in circulating a 
current of pure, cold dry air at the desired temperature 
through the cold rooms. There is entire absence of snow, 
moisture, or drip in the rooms, and they are kept dry 
and free from smell. The apparatus is simple and less 
costly than the brine system, and owing to its.^compact 
arrangement much larger cooling surfaces are obtainable, 
with a consequently much increased efficiency. The 
apparatus l)eing external to the rooms, its full power 
can be applied jbo any room without loss of efficiency, 
whereas with the pipe ^stem the pipes in the rooms that 
are not being cooled afe useless. » 

Lubrication is one of the practical difficulties joi re- 
frigerating machinery, and great care shfould be exercised in 
the choice of a suitable lubricant. The condenser cpils 
of every mdchine should be examined at least jnce every 
year, and should the slightest sign of corrosion or pitting 
be discovered at any part of the coil, this parl^ shouldf be 
Carefully cleaned and painted with two coats of some 
reliable bitumastic solution or protective paint. 

The Absorption System.*r-'In this sys&m the cooling 
effect is ^so produced by thCn evaporation* of liquid 
> ammonia, but the bycle el operations is Aiore exten^ve* 
Aqueous ammonia is boiled by means o^f steam-heated 
coils in aV still, and the vapours pas»i upwards through 
an ahalyzing colftmn, where *they meet a (^scending 
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itroam of strong Hqnor whicli^robs them of some of their 
noiftiire. The vapours passi thence to a dehydrator, 
vljcrc complete drying is efie'cted, and the ammonia 
passes to the condenser to be liquefied and uped for 
cooling purposes. The ^expanded gas then ente^s,^ an 
ibsorber containing weak ammonia solution, which, 
w^hen strengthened, flows into a tank, and is thence 
pumped to a heat exchanger, where it is raised to within 
30° or 40° E. of the still temperature. It is then dis- 
charged down the analyzer into the still, and is again 
boiled and the cycle of operations repeated. 



CHArTER VIII 

TRANSPORT. 

The method adopted for the movement 

from one part of a chemical works to another depends 
upon the nature of the material, whether it is a solid or 
a fluid. Fluids possess inherent advantages for trans- 
portation, and it may be stated, in a general way, that 
the development of the methods of transporting solids 
has been along the lines of obtaining mechanical fluidity. 
’ Conveying Solids. — The simplest, least efiio,ient, and 
most common method adopted for the eonveying of 
solids takes the form of the man -handled wheelbarrow. 
A barrow weighs from 00 to 70 pounds, and with this a 
man can move about I ton of material 100 yards perjiour 
over a level or slightl^pclincd su rface . The proposition of 
shovellers to wheelers is determined by the nature of the 
particular job, but it may be taken that on an fwrage 
a man can wheel a barrow having a*capacity of 2 cubic 
feet about 200 feet a minute, and that it takes from 
one to two’ piinutes to fill the barrow and aboyt the same 
time to unload it. Barrows weighing up to 250 pounds, 
and having a capacity of 9 cubic feet, are sometimes used, 
and these are provided with two wheels as & rule. Steel 
plate ways are frequently 'provided to* ease the running 
and to save the track when nmch barrow work is done 
in any arqp,. 

Tipping Waggons. — Ihr aeaimg witn^ neavy loads ‘a 
more efficieijt lAethod is to use light fQur -wheeled cars 
providea with tyres suitable for rufitihig on steel rails 
and drawm by a Small locomotive or electric jnptor. The 
' III ’ • 
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^hape of th^ cars and the jniothod of dumping vary 
‘'considerably, but the commoi^st forms are the V-shaped 



Fig. 14). - Side -tipping Waggon. 


( 

cars tor side tipping, as shown in Fig. 145, and end-tipping 
cars, of which a sample is shown in Fig. 146. 



Fig. 146.— *&nd tipping Waggon, f 


A cheap an(i efficient method is to^ ruij the cars on 
runways or ovoihead rails carrying a small trolley, 
from which the skip or bilcket is suspended by imeans pf 
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a hook. This metfiod, whichis illustoted'in Fife. 147, has 
a very wide range ot* application. 

Aerial Wire Ropeway^-Vlluring the last decade iliero 
has been a great developmei^t of this moans of transport, 
and thfere is a ccpistantly increasing^ field of employment 
for “these ropeways, which are how designed with great 
efficiency in working, combined with largely reduced 
working costs, provided that care be exercised in jidopting 
the best typo of ropeway for any gi^en duty. 



Fir.. 11-7 . — Runway for Mine. 


To give an account of this system oven in oujline 
would take up more space than is available at the' 
moment. It may be very inadequately described as 
consisfting^of a cable or wire rope, usually endless, \fhicli 
*is suspended from .towers, and along which are run 
^carriages to which ski^ or,buckets are ajitached. Fig. 148 
illustrates the sectional ^ portable ropeway, for inter- 
works tihffic, made by R. WhJJe and Sons, Widnes, who 
are specialists in eerial ^R^ire /ope ways. ^ ^ ^ 

Among the vyious systems of aerial ropeways reference 
must bAma*de to the §ingle and the ^quble rope system, 
the forjner in which the single rope acts both as the 
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hauling arid tho carrying ro^, and the latter where one 
{ope does the' hauling and the^other "the carrying of tho 
load! 



Fig. 14j8. — Interworks ^'baffic: Fortable Rope^i^ay. 


* In ‘the single-rop^ system^an endless rop passes round 
* a grooved driving wheel 6 to 12 feet* in ^iaj^oter at 
one end, and at^tfie other end round a similar wheel 

V - 
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kept up by a tensiiui weighttso that a constant tendon 
is put on the rope.* AbouA every 100 yards the wire is# 
supported by standards J^ith cross -{leads having {our* 
sheaves on the loaded sidfe and two sheaves on the empi^y 
side. SThese sheaves are fixed to {^rnlfe pivoted finally * 
at thft conti'e of {he cross-head itself, so that each sheave 
as it receives the load is depressed and the weight of the 
rope is distributed over the other three sheaves. This 
amingement can be clearly s(H)n in# the illustftition of 



Fib. 141). - Stan uauij fob Sinole-Uouk System. i 

• » 
one cj[ th« standards of a single-rope installatioy in 
,Fig.*149. Cars are attached to the rope bjr^eans of a 
paddle, of which there ar6 many types designed for quick 
engaging and disengaging and for maintj^iniiig a firm grip 
on incliqiBs. . • ’ # . 

This typo of ropeway^ is ^Pmple and efficient, and 
for straight lines with easy gradient? fipnd modera^ 
loads is^th® b^st form, as it requires .little attention 
and is practicaljy fool-proof. The *flefects are that it 
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cannot automatically negcirfciate horteontal angles, nor 
Si3an the carriers be automatically carr'ied round the return 
terminal, from the outwards ty the return rope. 

The doiible-rope system }ias been greatly developed 
to deal with severe* gradients, heavy Joads, auft)matic 
angles, automatic tipping, and automatic return (Jf*the 
carriers. 

In this system two separate fixed ropes are used, 
stretched from one ^rminal to the other, and supported 



Fig. 150. — Standard for Douuijs-Ropf. Syst3:m. 

on standards, as shown in Fig. 150, placed usually' from 
100 to 200 yayds apart. One end of eadi rope is generally * 
fixed, whilst the pther is led gver guiding sheaves and' 
terminates in a^" heavy tension weight. Saddles are 
fixed to the cross -hraads |bout 6 to 12 feet apifrt, each 
saddle be.ing loijg enough to sa'pport 2 to 3 met of the 
, rope, which lies in a groove. A fixed curyed rail at each 
terminal connect^ ^e ends of the, fixed ropes aAd com- 
pletes the circuit. The carriers^ travel along these 
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ropes by 'means of two or Aore wheels fixodi into the 
head of the carrier* and separate and lighter rope is^ 
used to haul the carriers |along. This haulage , rope is 
driven and kept tight as in tjie single rope system, and>is 
supported at the^ standards by rollers. * 

Elevators* — The bucket elevator is the machine 
commonly used when it is desired to lift material any 
distance. It consists of a number of buckets fastened 
to an endless belt or link chain which^passes over a wheel 
in the hood at the top and another wheel in the boot 
at the bottom. Power for driving is applied to the top 
wheel in order to keep the loaded side taut, and the 
whole machine is lightly boxed in with wood or sheet 
metal in order to prevent the dispersal of dust. Ac- 
coi’ding to the nature of the material ojx^rated upon, 
the buckets are made of steel, copper, or malleable iron, 
and may be perforated to admit of drainage or have a 
toothed edge to assist in raising fibrous materials. For 
working with pasty material L-shaped buckets are 
the best, as they are readily emptied, but the V-shaped 
bucket is more ^ommpnly used, as it has a larger capacity ; 
in any case the buckets must be so arranged on the 
chain or belt that atfa given speed they dij^charge the 
whole of their contents by centrifugal force as thgy go 
over the top pulley. The material i» discharged fiirougli 
a spout in the hoo^, and the machine is capable of being 
inclined scf that the bu eke ts give a clean discharge . Whem 
the material to be lifted is in small partielef^and not of 
a weftring* nature, webbing or leather belts are used, 
'to which the slfeet st^cl buckets are riveted. Such 
•machines are used in size^ having a bijcket from 3 to 10 
inches wide with an internal pulley fjuam 9 to 24 inches 
in diamftter, driven at 90 to ^ revolutions minute 
When the material is itf a rough condition a Ijnk c];iain, 
such as is sho\^ in Figs. 151 and 162, is*used, aifd t\ie 
machin^kis flriven at a,, slower speed t]^£tfi*is the cast when 
webbii\g or leather bands can be used. Some form (d 
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tightanin^ devicS is located at either end, according to 
' whether interference with the feed or Ihe ‘driiie is of 
lesser moment. boot is usually constructed so that 


Fig. 151. — Elevator Chain. 
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Fig. 13B. — ^Dpit-proof Elevator. 

the buckets can fill themselves by scraping up the 
material as they travel round the. bottom pullef)^, but it 
is very desirable to give the buckets a direct and positive 


Tl:iAJNI31jJJK.i 221 

feed. when practicable. Owing to the slow < speed, it 
is found that with this typo of elevator it is necessarjJ 
to give it a considerablp linclination* in order to g6t a 
proper discharge, and for this reason tip gravity type* of 
bucket^is epiployed, so as to obtain*a full load. 

1 



X' 


Fig. 154. — Boot foe Elevator. 

Fig. 163 shows* a .view of a dust-proof cdevato 
*by Edgar Allen and Co.^ Ltd., Sheffield, and Fi 
and 166 show the boot and Jiood on larger scale 

ConveVj^rs* — ^These machineaip,re used for the continuous 
transport of material, »{id are of various typos, sugh^as 
worm, scra^rybelt, apron, vibratihg, and bucket, tc 
meet ^e need of* transport oft|Wious classes o^ 
materinl. 
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^ Worm 'Coilv6yor< — ^The wonn or ^crew conveyor con- 
sists of a shaft carrying an endless screw formed by bolting 
on inetal flights. ‘It rotates a trough having a loose 
lid, which will lift in case the*material as it is can-ied along 
should aceuraulate l^-t any one sjxit and cause choking, 
which would damage the screw. During the progress of 
the material a certain amount of mixing takes place. 



Fig. — Hood for Elevator. 


depending upon the typo of woem employed, the selection , 
of which will be' regulated by the nature of the material 
conveyed. ' In som6 caso« the worm is made 9f separate 
bjades or pa(Jdbs bolted to fne shaft, or a continuous 
helix is made up* of cast-iron sections l^^ireaded on. 
The more modern fform consists of a spiral at/ached to 
the shaft at a few points, ''as shown ill' Fig. 156. This 
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is the type of worm employed m the spiral convenor shown 
in Fig. 157; made Ly the* above -mentione’d firm in allj 
sizes from 4 inches to inches in'* diameter, ^and* for 
conveying from 1 ton to *200 tons per hour. ThSse. 
machiifes are suitable for convejfing cements, lime, 
chafk,*coal, ores, flour, phosphates, wheat, barley, seeds, 
sugar, and other, ground material, over distances up to 
about 100 feet. The nature of the material tripn sported 
determines the pitch, which on an average is about half 
the diameter of the screw, and the sj)eed, which is highest 
for the small sizes, which are driven at about 100 revolu- 
tions per minute. The output of a spiral conveyor 
dejHiids upon the size of the machine, and the power 



Fig. for Worm Conveyor. 

required to drive is obviously a function of the^ length 
of the machine, amount of the outpftt in unit time, the 
efficiency of the worm, and the coefficient of frictiqp of 
the materials used. 

There are various other types of screw convenors having 
the worm fixed to the inner surface^of the cylinder, \fhich 
itself revolves, but these«are often combined with sifters, 
mixers, and suchlike maohines, which Jiave already been 
dealt ^ith. 

ScrapeJi; Conveyor. — ^In this type of machine* also known 
as a drag or flighl conveyor, the materitd i^ pushed^along 
by means qf serapers fixed to an endless rope or chain. < 
In thi^ fcmplo form it^finds many applications in factories 
where •sludges •have to b^ transported w^ich would 
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rapidly settle and 8hoke a tfough through which they 
flow. 

A typical scraper coi^v^or is the suspended djfaw 
type, which consists of a trough along wjiich the m’aterihl 
is dragged by flights attached to crt)ss-bar8 fitted with 
shoe's dt the ends for sliding on firon tracks at each side. 
By this means lateral motion is prevented and the scrapers 
given the necessary clearance from the sides anc^ bottom 
of the trough. Fig. 158 illustrates tlfts type as made by 
Pott, Cassels and Williamson, Motherwell. 



In another type of machine the wearing \hoes are 
roplaoefl by* rollers, which also serve ^o give th^necessfi-ry 
dlearances and to redu«e frjetion. • 

• A form of scraper known as a meejianical raker is 
used for removing salt crystals as they trb formed during 
Bvaporatidn in large pans. It JJpnsists of a framework 
suitably braced, arfd supid^ted on both sjdes by sliding 
shoes on tracks^ provided for that purpose. On this 
framework, feathering Ijlades are plaoif^dt at intervals of 
about 8 Jeet, and# the whole i» given a to -and -fro move- 
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ment of about 9 feet, so^ that thefe is about 1 foot of 
overlap in the travel of tlfe bla^tf. The engine used 
hafe a»cylin<J©f of about 8 ^ches diameter, and with a 
9-foot stroke, \^ch it majkes about every two minutes, 
thus bringing up a^load every four or ^ve minutes. 

Belt Conveyor. — ^The belt or band conveyor ‘forms 
a very efficient moans of transportation, for it can be 
erecte^in almost any position, and there is a great saving 
in jx)wer over thai? required for worm conveyors for large 
quantities over long distances. 

It consists of endless belts of rubber (rubber -coated 
cotton duck), cotton, or metal (wire mesh, etc.), wliich 
may be flat or troughcd, supported at intervals on rollers, 
and motion is imjmrted by a head pulley and the slack 
taken up by a foot pulley. 

Although these machines were originally used for light 
materials, they are now adapted for heavy work, and for 
this purpose the rubber belt is designed for rough usage, 
whereas the cotton belt is more often used for carrying 
boxes ard packages. The capacity of a belt conveyor is 
determined by its width, which is usually from 10 to 20 
inches, and its speed, a troubled belt beitig capable 
of transporting two or three times that of a flat belt. 
Fig. ^159 shows the rollers for a three -pulley belt carrier 
made by Edgar Alien and Co., the upper rollers on the 
loaded side making the l)elt into a trough, and the lower 
roller supporting the belt on the unloaded feide. In the 
ordinary' way the material is discharged over the head 
piilley by centrifugal force, but very often it is required to 
tap off the material at some intermediate spot. Tliis 
function is performed by a travelling throw-off carriage < 
such as is sho^wn in Fig. .IQQ, which makes an S-bend 
in the belt, so that the^Jinaterial is delivered over the top 
,pidley into ^ a, hopper placed VlongsMe. With such an 
arrangement it :8 necessary to keep tjie proper tension • 
on the belt, and^his is usually ^effected in the ordinary - 
way of running the belt found a weighted pulley on the: 
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;j •.i 



Fig. 160 . — ^Throw-off Carriage. 
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unlo£^ded side. Mfcrial is^ed to the belt by means 
of a shoot, which is so adjulfced that there is the minimum^ 
relative motion between Jh j material and the belt at*the 
point of feed, thus reducing <the wear oV the belt.’ * , 

AproJi ConveyOf.— This machine, \fhich is largely used 
for lirfndling light packages, consists of light iflips of 
wood or metal attached to link chains. An ordinary type 
of conveyor will not work satisfactorily at ^ greater 
inclination than alx)ut 25''; hencS there are many 
modifications of the belt to enable greater elevations 



Fig. ] 61 . — Elkvatoe and Conveyor. 


to be used. For packages and such-like the belt ma 3 ;ibe 
provided vl^h raised crossbars which pi^vcnt any back- 
slip or tendency to overturn. 

Fig.* 161 shows a conveyor and elevator^ made * by 
b. White and Son^, Widmjs. • 

Fig. 162 shows a slat-conveyor made* by Pott, Cassel, 
and WiWiamson. 

■ A modi^ation of the belt conibyor ik becomftig familiar 
to most people iA the ifdtm of the movyig* artairgasd, 
which is instg-lled in railway stations and other places, 
Buck^Klonveyor. — Sometimes it is*pe<;essary to trans- 
|)ort m^rial which from its %*ough or l^eated^ nature is 



232 1NT116DUCTJ(5n TO CHfilttCAi ENGlibERING 



Vitfedsil,. Vitreon, Cera therm, and Vitresoate 
stoneware, and intended to replace the' re^ulip metal 
which has been so cdmmonljj^ used. ' ^ 


Fig. 163 — Grasshopper Conveyor. 
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Tantiron is the fname giyen to a ferro-siljpon alloy 
manufactured bytWe Lenhox Foundry Company, I^td./i 
London. It is a hard, close-grained, lilvery whi^ alloy, 
melting at about 1,20^ b„ which does not rust .or 
oxidize^ nor is it^ attacked by ordinary corrosives to any * 
exteftit. It can bo treated exactly like cast iron, and 
castings varying from a few ounces to many tons in 
weight can be ma*de with equal ease. It differs from other 
non-corrosive alloys in that its resis^nce to cdtrosion is 
general and not specific. Muntz metal, for instance, 
is not attacked by sea water, and nickel alloys do not 
rust, but all such metals are easily attacked by acids. 
Again, truly non -corrosive bodies such as carbides are 
quite unfitted for the manufacture of plant, as they 
cannot be cast in the foundry nor be machinc^d. Although 
in the earlier stages Tantiron was found difficult to 
machine, and al^finishcd surfaces had to be ground from 
the rough casting, it can now be drilled, turnefl, planed, 
or screwed, and still retains its non-corrosive properties. 
By immersing weighed samples of Tantiron in different 
corrosive liquids for jx^riods of one to three days, and 
carefully weighing! the washed and brushed samj)Ri8 at 
intervals, the, table orf p. 234 of corrosive actons* giving 
percentage loss, has been obtained. 

As regards physical properties it l^s been foun^d, as a 
result of many experiments carefully conducted, to 
possess piactically twice the thermal conductivity oi 
lead and f6ur to five that of stoneware or |][uartz — ^an 
imp^etise ^ain in either heating or cooling fluids.* Its 
•hardness is somc^ fifteen times that of rp^ulus metal, 


•which, together with it^ lower density, allows lighter 
and mpre practical apparatus to b§ designed than is 
possible «in the case of lead-aj^imony alloye^ 

Tantirdh has been uged in the manufactory of nitric 
acid and sulphuric acid plants, acid pumps, bocts, 
valves, |)ip8s, fettings^ and various, vessels required to 
withstand exposure to corrosive materials. 
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QFirst • 
24 Hours. 

•^Second 
24 Hours. 

Third 

24 Hours. 

Sulphuric acid 98 pef cent. 

a 

0-10 

0-02 

P02 

„ 30 

0-07 

• nil . 

nil 

Nitric acid 1-4 sp. gr. . . . 

003 

001 

hil* 

» . M 

Acetic acid 60 per cent. 

0*01 

nil 

nil 

0-03 

•001 

nil 

Chromic acid 10 „ 

0-07 

nil 

nil 

Tartaric acW 25 ,, 

Iodine, saturated solution 

0-05 

003 

0-03 

nil 

ml 

nil 

Bromine water, saturated 
Bleaching powder, saturated 

O-Ol 1 

0-01 

nil 

solution 

0-04 

0-01 

001 

Capper sulphate, acid . , 

nil 

nil 

nil 

,, ,, alkaline 

nil 

nil 

nil 

Ferric sulphate solution 

006 

nil 

nil 

Zinc chloride 30 per cent. 

003 

nil 

nil 

Ammonium chloride solution . . 

0-05 

002 

0*01 

Fused sulphur V . . 

0-06 

001 ' 

nil 

Fused ammonium nitrate 



nil 

^nil 

nil 


The following physical constants, contrasted with 
those of cast iron, will be of use to the designer of plant 
wherft n. nnn-nnTTosive metal is required. 




Cast Iron. 


Tantiron. 


Density . . . . , 

Tensile strength, tons per square 
. inch . . . . 

Transverse strength, 12 inchx 
1 inch barj^ .. 

Crushing, l-inch cubes . . 
Melting-point « . . . 

Hardness . . • . . 

Thermal conductivity . . 
Electrical resistance ® . . 
Con*osion resistance * » . . 
Contraction allowance in castnigl 


7*3 

i 6-8 

9 to 10 

6tq7 

2,500 pounds 

1,600 pounds 

40 tons 

34 tons ♦ 

1,160° C. 

1,200° C. 

1 , 

1-6 

10 

8 

8 ' 

10 

•1 , 

1,000 • 

i inch per 

At intli per 

foot 

* « ' 

ffOt 


Ironac is a similgir product manufs^ctured by feo^gh ton’s 
Patent Metallic Packing Co., Ltd., Lor don, w^ch is 
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chiefly used in the Construction of special type§ of nitric 
acid and sulphuric tlcid pUnts. It resists the action of 
iiitiuc acid and sulphuric acid of all densities, jxas 

sufficient strength, both tenf^le and trafnsverse, to with- 
stand the necessary handling to which such plants are 
subjected, and it will resist varying changes of tempera- 
ture. The conductivity of this material is nearly twenty 
times that of po^itery and similar material, and conse- 
quently tubes may be made quite thin in se(S}ion and 
cooling effected very rapidly where required. 

Owing to the increased efficiency thus gained, a very 
great saving in space is effected as compared with that 
required for the old-type pottery installations. 

• Vitreon ware is made by Shanks and Co., Barrhead, 
Scotland. It is a pure white, dense bqdy, vitreous 
throughout, homogeneous in texture, and free from 
•laminations anc^from iron. It can bo used unglazed , 
as it is vitreous throughout, and has therefore a very lo>^ 
absorption. It resists the action of heat and chemicah 
equally as well as Berlin porcelain, but it has a verj 
much greater strength. Its compression strength h 
24 tons to the square inch, and its tensile strength 
calculated by. the Nitflsen and Garrow formula, is more 
than 1,800 pounds per square inch, as against 842 pounds 
for the best German stoneware. A Wnch diameter pipe 
with J-inch walls has successfully withstood a ^test 
pressure ef 900 pounds per square inch of internal* 
pressure, tipes of all sizes are made, those pf 6 inches 
dj^jg^ter being 6 feet long and sn^all bores up to 9* feet 
*in length. Owing to t|^e hardness and flue* texture of 
•the material, a fine surface can be obtained by grinding, 
so that* it can be used for the manuffiicrture^of acid taps 
of all ddfecriptions. 

Vitreosil is a pure filled silica made Jby th^ Thej:ma| 
/Syndicate, Lt<^., Wallsend-on-Tyne,*and used fo*r the, 
\ constr^ion of all kiuds of appliaivie^ \ised in the acid 
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It has gfeat resisting pow6s'’s to higS temperatures and 
the action of chemicals, and Ms reaflify made into all 
kinds of, pipes,, basins, stills, etc. 

Ceratherm is aii earthenv^are composition made by 
Guthrie and Co., Accrington, and usqd for thO con- 
struction of all kinds of 'chemical machinery. It ife*un- 
affected in the slightest degree by corrosive liquids, and, 
unlike porcelain and earthenware, sudden changes of 
temperature will noh crack it. This material has a much 
higher thermal conductivity than porcelain or stoneware, 
and even violent variations of temperature do not crack 
it, also it can be made of considerable strength without 
showing the brittle nature of porcelain. Its specific 
gravity is about one -third that of cast iron, and it has an 
exceedingly high thermal conductivity and emissivity, 
and by using a special cement it can bo used for lining 
iron vessels where great strength is requii^d. 

Vitreosate is another earthenware composition made 
by the same firm, and largely used for lining iron pipes 

and acid cocks. 

« 

Elevating Liquids. — ^Liquids are olevatcy^l by the direct 
action of a plunger pump, centrifugal Jmmp, pulsometer, 
or hydrauliu ram, constructed of non-corrosive material, 
or ini^irectly by the use of compressed air in the acid egg 
system and the PohlO air lift system. 

Tlje Acid Elgg. — This apparatus is almost universally 
i.sed for lifting strongly corrosive liquids, d(5spito the 
fact of its /low efficiency and the labours of chemical 
engineers to perfect automatic elevators. Its simplioity 
is a great point in its favour, but, its iinlitation up to the 
present has been its corrodibility if made of iron or steel, 
and its weakness if, made of ear,thenware or similar non- 
corrodible sii'bstances. •;?« 

• Fig. 164 's illustration of tan acid egg, as made 
,by The Ldnnox Foundry Co., in Tantiron, and is formed 
of two cups joined hy^i^heir top flanges to form a ho#.*^zontal 
cylinder with hemispherical ^nds. These eggs ar^ filled 
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with the liquid through a jipe which contaii]^ a check 
valve to prevent its^eturnf and air is pumped in thrpughi 
a second pipe having an automatic or, manually oper^ji-ted* 
valve. The liquid is theA toj*ccd out through a third pipe 
which goes to the bottom of the egg, and at each discharge * 
the liquid is followed by a rush ®f the air used for raising 
the liquid and so becomes wasted. Various devices for 


•a. X. 



Fig. 164. — Tantiron Acid Egg. 


• automatically cl^r^ing and discKhrging the eggs have 

• been made and successfully put into operation at acid 

plants ^throughout the world. . 

The Air Lift or Pohle j^his system air under ' 

pressure Ts forcecl down^t»pipe within the tubing of a well 
containing the liquid. The air is broken* up into* small 
bubbles^ \Wucfii rise up the tubcj^ aceompanied by a 
certaitfamount^of the liqui^ which Is* discharged at the 
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top in a , steady stream. this system the air escapes, 
but the amount required is^only ibbut half that con- 
sumed^in the working of aji acid egg. The successful 
working of these" pumps demands considerable practical 
experience, but in « general the deeper the suttmersion 
of the air pipe, the higher the air pressure, and consequent 
greater efficiency, which also increases with increase of 
temperature of the liquid pumped. The absence of moving 
parts and the freedom from wear makes this pump 
compare very favourably with positive-acting steam 
pumps, which suffer from corrosion, except in the case of 
low lifts of 75 feet and under, when the centrifugal pump 
is probably more economical. 

For practical working it is found that the velocity 
of the air shpuld not exceed 20 feet per second, that the- 
submersion should be about 1*5 times ^e lift, measured 
from the working water level, and the cross-sections 
of the air tube and the rising tube should be in the ratio 
of 1 to 6*26. As a rough estimate it takes 1 cubic foot 
of air to raise 1 gallon of water, but this amount of air 
can be considerably decreased in the c^ of an efficient 
pumf>. The average air pressure us^d is 60 pounds per 
square' inch, and at the commen'bement of operations, 
owin^ to the unbroken column of liquid in the tube, a 
larger pressure is required than is subsequently needed for 
steady working. 

Plunger Pumps* — ^These pumps exist in alj lorms and 
sizes, and/*are too well known to need any (iescription 
her^. In the design, of these pumps for chemical 
care should 4)e taken to render all ''valves easily ac- 
cessible and to ptroportion each part to withstand rough 
usage. 

Fig. 166'«hows a' stanSlard horizontal pump made of . 
Tjin^iron j.by ^hp Lennox Fourfdty Co. "specially for acid - 
work! it is a singiS-acting ram pump with a fam 2 inches ; 
in diameter ando6t>4nches stroke,?*^ and when rtiiQ at 80 
revolutions per ^minute has a capacil^ of about 28(^i| 



T]^AnSP{JrT * 239 

gallons per hour^ The diameters oi the potion an^l 
delivery pipes are %ach inches. ‘ . • 

. .Fig. 166 shows a Tantiron standard^ vertiq,al pump 
made for the same duiie^^as the horizontal p«mp,*the 
dimensions of the cylinder and pipes being exactly the 
satne. » ^ 

This type of pump is also largely used for pumping 
wort, molasses,^ sugar juice, oil, glue, varnish, and other 
thick liquids. In the case of liquids of heavy’ density or 



Fig. 105. — Tantiron IIouizontal Pump. 

J c» 

of a sticky nature the output of such pumps is somewhat 
reduced^ and for such cases it is advisable t)) hav^ large 
pipe connectiong, the suction and* delivery pipes being of 

the same diameter as the pump barrel. 

• » 

Ceatrifogal Pumps**— The moving; ef highly corrosive 
liquidfiPis principally effectei^^y compressed air, but this 
metho(fis being seriously threatened hy thp jatest types* 
of centrifugal pumps. The manufacture of'ceiffcrift^ 
pummfor this purpose, however, i^isefe a variety of vei'y 
comfflicated q^uestions, and that is the reason why the* 
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developm^t in this directioi^has been^o slow. Lead and 
regulfus metal have been useci^for strong sulphuric acid, 
but ^re not satisfa^.tory for weak acid, and quite useless 
for, nitric and hydrochloric ^cids or sulphuric acid con- 
taining certain common impurities. In addition, all 



' 



Fig. lOp. — ^T antiron Vketical Pump. 

metal pumpg are unsuital^fg for many chemicals <and for 
a lar^e ran^^ of solutions of metwljic salts. For example, 
andiron pump could ^lot be used for a solution of chloride 
of copper. Pumps njade from ferro -silicon alfoysmre not 
satisfactory when organic ac;J,d8 are usedy pnd the grittle-. 
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ness of the alloy a&d the difficulty in making* suitable 
eastings have prevented it^ development as a material 
of Which to make pumps . ^ ^ 

It is out of the question to u]^e' enamelled iron for makihg 
pumps, however good the enamel may be, as the enamel, 
in all probability, will bo scratched off the impeller or 
the casing. In fact, for a number of corrosive liquids no 
metallic substance is a suitable material from.^which to 
make the centrifugal pump, as at evejty revolution of the 
impeller the casing and impeller are washed by the 
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contained liquid. Porcelain is inert, but is not suitable 
for the preparation of pumps because of its brittle nature.*^ 
Stoneware pumps have been produced, but the) have the 
dioiiidV*antage that if used with boiling liquids th(^ are liiiblo 
io crack. They iireo also very fragile, and are hardly 
^safe to use above 30 pounds pressure, or 40 feet acid 
head. ^ ^ 

CerathSrm is the material i^d by Guthrie and Co,f 
Accrington, as the basia^for the constru^jtjon* ©f centri- 
fugal pumps^of ^1 kinds. o » 

Takii^ first of all tjio case where,, only low lifts are 
require^ and smn>il pumps, a» thin casing of CerQ.therm ; 
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Fio. 168. — (’rratiikum 






any metnl, and in Fig. 170 the complete pump if 
shown. Tfiese pumps arc suitable for a iiumber of 
p». 5 ^ses, *and will handle 20 to IJOO gallons j)er rahiuto 
to a head of 16 tft 20 fept without trouble, •and they are 
not affected by boiling corrosive Ji quids. Stronger 
pumps .are made by usir^ a Ceratherift lining up to 2J . 
inches ii! thickness. 

No malter how genopl^us VXAV D tuffing, bost^f an.aqid 
centrifugal ^un^p may be, it is most deffeirable that tlie acid# 
at this ^int should ijot be under tprelsure but rather 
under ^uetion, as to avtid leaks with higl\ heads^ 
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eBptJuiaiiy in wietuabe of Ij^uids of high specj^fic gravity. 
Fig. 171 shows^he' interior of the suction side, of ttie 
pump containing the feed chamber, inlet, and,rac9, and 
Fig. 172 shows the prelsi^e side of the pump containing 
the race. 

•The Cera therm impellers are» tested by runnin^p to about 
3,000 revolutions, and as the pumps are designed in such 
a way as to give the desired head at about 1,000 revolu- 
tions, it will be seen that the safe ty#f actors in these pumps 
are high. Tlie factors are based on a calculation of the 
tensile strength, and are probably somewhere in the 
neighbourhood of 14 to 15. The distribution of thrust 
in a pump of this description is quite different from that 
•of the normal centrifugal pump, and this is catered for 
by the strong casing. It is clear from jthe above that 
the thicloicsses of the material found to be desirable 
lead to certain Modifications in the feed and in the design 
of the impellers, but by careful experimentation thoroughly 
‘ eflficient combinations have been attained. The mechani- 
cal efficiency of these pumps is much higher than that 
of their only possible competitor in most cases — ^namely, 
the compressed air system. It is not so high %8 that 
attained in m^tallic^pumps, for certain def^ito i’casons — 
for instance, 75 per cent, efficiency in a metallic pump 
is quite easy to attain, given sufficient quantitjf. In the 
armoured Cerat^erm pump a small amount of horse- 
power i» deliberately spent in preventing the pump from 
leaking a*t the gland, in doing away with^troublesome 
^Jyffing iDoxes, and permitting such contrivances as will 
avoid any rubbi^ig surfaces or beariqgi within the 
chemicals. It is fatal^ practice in chemical pumps to 
have, bearings running in, acids, as, this soon causes, the 
pump *60 be scrapped. 

AccoJding to*De Lq/al, until recently 40 pf r cent, wasij 
considered the highest efficiency foe a metal* cefitriftigj|l 
pumyy)f *or(finary volute type, q^d^for the quantities, 
whic]^ are gen^ lally dealt ^th in the chemical practice--? 
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namely, bq^ow 260 gallons pe^ minute-*-65 per cent, is as 
high .efficiency as'^ can be atta-ined.^ it is only when 
qua^titiqs reach thq neighbourhood of t^OO to 600 gallons 
per* minute that efficiency e^n*^ be attained up to 70 
to 75 per cent. Foff practical purposes these pumps 
are at least three times ^as efficient as the comprosiftsed 
air system, and arc greatly superior to metallic pumps 
which lose their efficiency owing to rapid corrosion. It 
will be noficed that ^ly single-stage impellers arc used, 
as it has been found that for corrosive liquids, one -stage 
pumps with very large impellers, which at low revolu- 
tions will give tlie head required in chemical practice, 
will give the best results. 

These pumps are used in bleaching and dyeing works 
where chemic^^ls must be circulated without any impurity 
being yielded to the liquors; in acid factories; for the 
circulation of weak acid in nitric towerS; for improved 
methods of absorbing hydrochloric acid; for electro- 
chemical purposes, in the wool carbonizing trade, the 
dope trade,^ and the fermentation industries. 

To maintain freedom from cor rosier^ in the plant 
actuaiSd by these pumps, armoured i^itreosatc piping, 
another * for ip of earthenware, is %sed, aij»,d armoured 
Vitreosate acid cocks, of wliich latter a samite is shown 
in Fig* r73. 

Conveying Gases* — The gases which are met with in the 
ciiemical industry may be classified as — (1) These which 
are circula^d because they are valuable, and (2) those 
which are exhausted ii\]bo the air because at present 
are of no vajue. Transporta tiqn is effected through 
pipes which are of various materials, such as iron, in the 
cast, wrought, galwiized, or ^eet form, copper, and 
for large pipes or flues, pricks, concrete, and* similar 
* majbeifials f^re usejl. 

, A cHimhey is the*simp1est means of ex|;iausting waste 
gases to the atmdsjpt^ere and at thq,same time pjigviding 
a draught for promoting thr combustio'n* of fubl,|but it 
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may be confiderftiy expecj|ed that tlie futuje will see 
tlie abolition of'cAimne^ and the economical use o4 , 


pnesent waste gaies — a subject up tp the presept ^adly 
neglected. For the rembvlil of noxioils gases the size of 


the chimney is ^ore important than height, which lattcif 
is cff rmporiaiice for draught, a height of 400 fee^ giving a 
draught pressure equal to about inches of water. 

For low pressures and rarefactions, fans and blowers . 


are used, and for high pressures atid rarefactions com- 
pressors and vacuum pumps are employed. 




FlO. 17a VlTRKOSATE TiIRE’#-WaY Tap. 

Pans.-»-These consist of a number of blades fixed 'on^i 
rapidly revolving shaft, the design of the ijapcllcr and 
Qpsirtg de|)ending upon the nature of the work* to begone. 
For largo volumes pf air up to 4* inches witter pressure 
shallow blades are required; for pressures up to 10 inches 
side ptites are provided and the blades are deeper; up to 
15 inclxjs the wheel is*narr»wer find deeper and the* 
scroll caSing has^to be^ejirefulfy designed; high-pressure 
fans for cupolas, etc., are provided with a greater •flumiber 
of blades. * ► 

For^ hot or porrosive ga^es a water-cooled* steel fan 
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may be employed, or the may be^ made of regulus 
«iet^l or stoneware. 

Fpr supplying the air to a prodijcer -gas apparatus 
the radial-flow fafn is frequently employed. It consists 
* of a shaft cair 3 dng a ipider of six T -iron arms, eachiliaving 
a sheet-iron paddle with annular discs riveted at* the 
sides. The paddle has a radial direction at the inlet, 
but is curved back at the tip at an angle of about 50 
degrees. ' The side tjclearance of the impeller is about 
inch, and the tip clearance varies frfi'm 3 inches at 
the beak to 12 inches at the discharge orifice. A vortex 
chamber is provided for by the eccentric setting of the 
impeller in the casing. 

For large and varying volumes of gases these fans are 
particularly useful, and in spite of losses due to eddy 
currents and other causes they have an efficiency of 
from 50 to 70 per cent. ^ 

For circulating large volumes of gases at comparatively 
high pressures a mixed-flow fan, where the inlet flow is 
axial and^the outlet flow radial, such as in the Rateau 
fan, has come into common use. The^haft of the im- 
peller has a conical boss on which are riveted up to twenty- 
four specially designed blades fi^i^ing ai\ angle at the 
tip of about 45 degrees opposite to the direction of 
rotatioh, and the vprtex chamber is of rectangular cross - 
section. Delivery is taken from the now usual conical- 
•shaped funnel, and the bearings are of the iiigh-speed 
type, whil^ carbon rings are provided to prevent leakage 
at the impeller. This type of fan has a mheh liigjjer 
efficiency th^n the radial -flow typ(s, and with a single* 
impe|ler can maintain a head^of from 35 to 40 inches* 
3f water, so thal*. by using several impellers, ^through 
which the jgas passes ir^’^series, large volumes* may be 
passed against high heads. 

\^en 'a centrifugal fan is run at constant speed the 
power increases' as^ the pressure f^lls anA the ^lume of 
air increases. 
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Rotary BlowerWThis ma jhine is designed t<j maintain 
constant blasts oflsftiall capacity, and is chiefly use|i fo» 
foige-smiths’ fij:es| furnaces, heating ^nd drying st<jres* 
glass blowing, brass smeftiflg an& gas exhausting, •besides 
the ci#culation ^of gases where high pressures up to 
15 f)cmnd8.per square inch are •required. The action is 
positive, and when run at constant speed the power 
increases directly with the pressure, while the volume 
remains practically constant. These machined will run 
for years witlfout repair, as their mechanism is simple, 
being designed to scoop the gas at the inlet and discharge 
it at the outlet, and they are made in large sizes. 

Compressors* — These machines are used for pressures 
bonsiderably above that of the atmosphere, and as such 
are the development of the last fifty yefy’s. All com- 
pressors operaf^ by first allowing the gas to flow into 
a cylinder underwits own pressure on the so-called suction 
stroke of the piston, and then on the return stroke, by 
closing the inlet valve compressing the gas until the 
desired pressure is reached, when the delivery valve 
opens. The f^^lowing conditions should be fulfilled ir 
a good compressor (1] On the suction stroke the c;^indei 
should bo filled with^the maximum mass offgas.* (2) Or 
the compression stroke there should be no loss of gas by 
too late closing of the inlet valves, #nor should there be 
any leakage back, .but the whole contents of the cylinder 
less the minimum clearance, should be discharged thrqugl 
the outlet valves. (3) The outlet valves rjiould have 
♦rti^e area of opening, should open automatically on the 
pressure in the rbcetvei; being reached in tbe*compressioi 
cylinder, and the gas shyjuld be dischjirged at a pressure 
as little above that in tjie .receiver 8^ •possible, as excesi 
pressuife^ causes a rise in teig^ratiire, with increase ii 
volume, requiring a cyVresponding inci^ase.ip the^wprl 
necessary ^to ^ompress and eiischarge the aif. *^4) Th 
eiisch^ge valves should have suffie^p^t width of seatini 
to en^ui’e they* keeping quite tight, so that nj loss b; 
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leakage Ifack into the cylinder may feke place. (6) The 
j'valves shouM be self-adjusting ulidar all speeds and 
pressures. (6) Highest volumetric ef^ciency should'’ be 
obtained. (7) All valves anci ‘pistons should be easily 
accessible for examination and renewal. (8) Wbar and 
tear shpuld be reduced Co a minimum. • " 

Compressors are usually of the horizontal typo for 
slow speeds and of the vertical typo for high speeds, 
both requiring veryMieavy foundations. The horizontal 
type is more accessible than the vertical, but needs a 
larger flywheel; but at slower speeds the more even 
turning of the horizontal type is most marked. 

When compressing in a single cylinder to the final 
pressure desired, the water jacket of a single-stage 
compressor i^ not sufficient to extract the heat of com- 
pression, and the compound compressor, .with intercooler, 
should always be adopted when the ‘most economical 
results are required. The rise in temperature not only 
represents the loss of work in compression, but, should 
it exceed the ignition temperature of the lubricating oil, 
an explosion may result. To prevent th^^, and to obviate 
the serious loss of efficiency in compi’cs^on at high terminal 
pressures which would be caused the heating of the 
air, the compression is carried out in stages in a compound 
compressor, with intercoolers to cool the air between each 
stage of the compression. The intercooler should be of 
sufficient’ capacity to reduce considerably the tetoperature 
of the gas |^cfore it is admitted to the second-stage cylinder. 
Provided the work i§ equally distributed betweeh<i4kc 
cylinders and. the intercoolers ar.e propbrly designed, the 
final temperature, in each cylinder will be the same,' 
and the final 'temperature of compression very much lower 
than if the compression \Jpre done in one cylinder, with 
corresponding djrect saving in' jgower, as the resistance 
due to ’cohipressionfis directly proportionql tq changes in 
temperature. The* compounding ^ of the air dj'linders 
should be so proportioned as to divide the work of 



/TRA^KPOR^ 251 

compassion equalltibetweenythem, and thus (Jistribute 
the load more equally thit>ughout the •stroke, thereby 
admitting of an ei|rlier cut-off on tho steam cy];nd(irs, 
with attendant economy ift Steam consubiption. 



Compressors ipay be classified according to the nfannej 
in whichVh^ir inlet an^ discharge valvfS arc actuated 
(1) Inlet a\id oi^tiet poppet ralves arranged {a)^in the 
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cylindei^, covers] (d) partly in thei cylinder covers and 
partly in tie cylinder wallsf (c) \#itfi inlet valves in thei 
p^ton and discharge valves either i^ the cylinder covers * 
or- walls. (2) •With ^large^ Ringed flap valves in the 
cylinder covers, and actuated similarly to poppist valves. 
(3) “VN^ith mechanically operated valves which opdn and 
close gradually. (4) With mechanically operated inlet 






175. — Veuticai. Open-Type Air Compressor. 

c 

vajvos and poppet discharge valves. (5) Ditect con- 
trolled anti balanced* inlet and disclvirge valves . (6) Light 

automatic disc valves with sn^all lift. ‘ 

The first four ^ypos have a low efficiency and output,* 
owing to ^the limitatioi;|o of speed of the pisU^ns due to 
the hea^ valves in motion, an^the aifrcontrolled system, 
alt‘lA)ugh adfaitting of high speeds and increased efficiency, 
has not been «^enprally adopted owing to thp cost of 
maintaining the complicated valve ge^r in ‘gogd order. 
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The automatic discl^lve is tj^e best vafve foi practical 
purposes, as it is silqnJ, simile, and gives »great efficiei\cy 
at high speeds. 

Fig. 174 shows a horizoirtal^type two^stage belt-drivem 
air comjitessor made by Robey and •Co., Lincoln, and 
Fig. f7d a vortical open-type compressor made Ijy the 

gp mA fiT*m 





Fig. FTO.— Belt-Driven Three-Stage Compressor. 

* 

^Projftably the largest field for compressed air is .for 
pressures up to 6 latmospjieres, but the rapi(J progress of 
the chemical industry hfi^iS called for higher pressures 
^and for the compression of many other, gases^ The pro- 
duction o^ oxygen for welding, etj^ of nitrogen fcpr ammonia 
<>ana nitrates, of argon fgr* electric lamps depppds upon 
the liquefaction of air demanding up to 200*atmesj*ere8. 
Hydrogel^ cllorine, carjbon dioxide, ^jnd; sulphur dioxide 
are also^stOred lyider pressure^ 
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Fig. 1^6 shows a belt-djiven S-sIsfje stationary, type 
Df sihfiall air compressor for si£iple \^ifeing made by Peter 
Brpthqrhood,^ Ltdt, Peterborough, in Ji^hich the cylintlers 
i«e water-cooled* and contrcf iS effected by an automatic 
governor. 

Fig. ^177 shows an crxygen compressor made this 
same firm. It is a four -stage machine (2,000 cubic feet 
per hour, 250 atmospheres at 200 r.p.m.) with forced 



yiG. 177. — Fouh-Staoe Oxygen Compressor. 


lubrication* ^driven ty a two-crapk ^compound steanf 
engine. This type of compressor has lubrication suited* 
to the chemical «i\ature of the gas compressed, ;and the 
materials c^f constructioj^^^are also adapted to ^he same 
3 nd. Generally, the pump is.«pade c^f bronze of great 
j^rength «^and* non«corrodible, except b^ acetylene and 
limilar gases. Theiyi is a minimum number of^^ints to 
5 ive trodble, and the pistop packing is* pasily-repewable 
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without the use M moulded ♦ibather hr special piston 
rings’. 

Vacuum Pumps.- i"These machines h^w been dealt with' 
from time to time in conn2)c%ion '^ith other ’types of plaijpt 
alreadyiimentioned, and are of the 'wjpt and the dry typo 
designed to^ give what the ordinary engineer terms a 
perfect vacuum. However, the production of the ionic 
valve, the latest forms of electric lamps, vacuum vessels 
for holding liquefied gases, etc., reqijire a high' vacuum, 
which is only limited by the nature of the materials 
used for construction. For these purposes the high-speed 
rotary or molecular pump, such as the Gaedc, which 
has a porcelain grooved disc half -immersed in mercury, 
or the Siemens or Langmuir pumps, which are completely 
immersed in oil, will give when working alone up to a 
vacuum equal to yyVir Hg- They arc usually worked 
in series with a largo capacity vacuum pump known as 
a roughing pump and followed by a difiusioh pump, 
which consists of a vessel surrounded by a hot water, bath 
and containing mercury, which is vaporized continu- 
ously, thus providing a wall of vapour through which 
the attenuated gase,'? diffuse to the rotary pump, a li^j[uid- 
air cooled trap^holcfing back any straying mercury Vapour. 
By this means much higher vacuums than j^Vo Hg. 
can be obtained on an industrial scale. 
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APPENDIX 

Distilla^on of laqud Mixtures.—If the liquids do not 
mix to any appreciable extent, each exerts its own vapour 
pressure independently of the other liquids which may be 
present. The vapour pressure is the sum of the vax)our 
pressures of the liquids contained in the mixture. Such 
a mixture will boil lower than the lowest boiling con- 
stituent, sincgi the sum of the vapour pressures becomes 
equal to that of the atmosphere at a lo)ver temperature 
than is required for any one constitu(?nt. The vapour, 
of such a mixture will contain all the constituents in the 
same proportions as the relative vapour pressures of the 
liquids present. On distillation the distillate will contain 
all the liquids present in the projx)rtions ^pending on the 
relative vapour pressures at the. teiJJX)crature of distil- 
lation. 

If JJie liquids are partly miscible, the vapour pressure 
of the mixture is les? than the sum of the vapour pressures 
of ^0 constituents. The boiling iK>int may be below 
thg t of thb lowest boiling constituent, or coincide»it with it, 
or even ab^^ve it. The composition of the distillate remains 
constant so long as tl^ero are two layers present, an'cLthc 
effect of distillation is to din\inish the lower boiling’ 
more rapidly thap the higher ?x)iling solution. During’ 
this period the boiling point remains constant until one 
layer has disappeared. " 

Jf,the Uquidq are, soluble in-f'pne another in all prO- 
, portidilfe, the vapour pressure of the mixture is always less 
thfen the sum of 'th^rvapour pressures of the coqj^ituents' 
at the^ same temperatuixy The composition ^f ^th6 

256 
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rapour irom thiAiaixture ^ars no close telamon to the 
composition of Ae^mixtiiPe, but the fapcfur contains g, 
Wponderating amount of the most tdlatjfle constituent, 
md upon this fact! rests lhS<possibility*of separatfhg Stich^ 
nixtuifcs by fractional distillation. * No general relation* 
ship a-xists^ between the boiling* point of such admixture 
and the boiling points of the constituents. 

Air Compression. — When air is subjected to pressure its 
volume is reduced and its tempfrature is raised. If 
during compression air neither loses heat to, nor gains 
heat from, any outside source it is said to be adiabatically 
compressed. In this case the temperature does not 
remain steady, but rises throughout the operation. In 
the case where the heat due to compression is removed 
as quickly as it is formed, so that the temperature of the 
air remains stef).dy throughout the operation, the com* 
pression is said t8 be isothermal. When the ojperation is 
reversed and the air is expanded instead of being com- 
pressed, the above holds true, but in the reverse direction 
— e.gr., the volume is increased and the temperature is 
decreased. The^ rate of increase of tempera tqjre of 
air during compr^fssiop decreases as the compression 
increases, and»also— ^hat is very important ki practice — 
it depends upon the initial temperature of the aif before 
compression. 

The rate of increase of temperature aue to compreaeioi 
increases mot only as the initial temperature incrfease^ 
but also increases throughout the compression|vhen com 
parerf witli the rates of increase of teynperature^througlioui 
^compression, of ail: cempressed at a lower initial tempera 
*ture. *For a consideraHe range of temperatures anc 
pressures of air, the relation pressure x volunfe = constant 
provided* the temperature is i^alter^d, hold^ sufficiently 
accurately. The# effects &f increase of ttanpe/aturq is jfco 
increase thj vqlume of the air if tKe pressure is kepi 
unaltered and hence ijt follows froiUttKe above relation 
that inere&se of|tbmperature •will increase the nrefisiirn ni 
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air if the volume is kept unaljierod. Wi final volume or 
gressure of air iSnder the ctfnditi(Al» just mentioned 
depends < directjy ‘ii^n the final absAute temperature 
of th^ air — e.gf., a certain volufud V of gas under pressure 
P at C. is heated^ to < 2 ° 0. If the pressure ht kept 

constant*" its volume increases from V to 

and if the volume is kept constant its pressure increases 

from P to Fahrenheit scale is used, 

(27o+ 

then 461 must be used in place of 273. The impor- 
tant facts to be known in connection with air com- 
pression are the temperature when any given pressure 
is reached, and the relative volume of the air at that 
pressure. It ^ill be seen from the above that as during 
compression the temperature rises, so the pressure 
rises also^ that is, the back pressure 9i the air on the 
piston of the compressor during compression is due 
in part to the heat generated by the compression. Since 
air is required to bo delivered at a definite temperature 
and pressure, any rise of the temperatur(y)f the air above 
this definite temperature during ^conij)ression results in 
setting \ip a back pressure which'''*has to^be overcome 
by tfif prime mover, which is a distinct disadvantage. 
The required temperature of delivery is usually that of 
the JPree air at the intake, hence the ideal compressor 
^aotfild compress free air iso thermally. This mpans that 
in a comp^ssor the heat produced by compression must 
be taken away as quickly as it is produced*. Irf^an^ 
compressor *some heat is removed by Radiation and by* 
conduction through the metal parts in contact with the* 
air, and usually* this operation is assisted by* a flow 


of cold water round the^arts wherever possible. The 
coid-jsratoft jackqJ) is more effectiV> on the cylinder head, 
*becaus6 tliat portion is longer exposed ^ to ^the heated 
air than any oth^i^part; and it should be no^d that, 
apart frpm other reasons, cooling is a neces^ty for ol;^taining 
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proper lubricatic|>iiand pre^^enting firing in th? cylinders. 
Further, it is otyihusly €in advantage to have a.slo^- 
rwining fcompresior, for, apart from’pufoly m^jchanical 
considerations, the lon^r^ the *time allowed foi'thO'air 
to cool, the grejater will be the cooling effected, and tile 
lesS the pQwer required for coftipression. Theie are two 
distinct operations in air compression which should be 
noted — ^viz., (l] the compression of the air^to a given 
pressure, and (2) the delivery of the air from the cylinder 
after the given pressure is reached. It will be seen that 
these operations are the inverse of those occurring in a 
steam-engine cylinder. In making any calculations as 
to the h.p. required to compress a given quantity of air 
ibo a definite pressure, it is best to take values for adiabatic 
compression and allow a small percentage# for friction of 
the apparatus, ^s a part of the friction loss is set off by 
the reduction of^power required due to cooling in actual 
practice. Assuming there is no clearance in a cylinder 
of volume Vi to which air is admitted at a pressure pi, 
and that the air is compressed to a volume syb a pressure 
P 2 adiabatically. the following relations can be ^deter- 
mined : 

1. Work doiib by external air in filling the 6ylinder "PiVi 

foot-pounds. 

2. Work of compression = 2 *463^1^1 - 1 foot- 

pounds. 

3. Work «f expulsion = foot-pounc^^. 

• The total wofk donp is the algebraic •sum of these 
three, and equals 3.463p*t;i|^^^ — 1|, foojb-pounds, and 

from this the mean effective jJ^ssur^ (M.E.R) during the 
stroke equals 3.^63pi|^^ 1 [ pSutids pea^^uire 

foot. 

Th6^ubstion,of clearance oannot be ayoided in practice, 
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but as the ^compressed gas in the clea|£mce is expanded 

oj thewback stroke of the piston^it ser^erfas an additional 
source of, cooling. •JFor pressures abova 100 pounds pg^r 
square ilich compfessors *worlf In two® or more stages, 
aecording to the ultimate pressure desired, and inter- 
coolers between the stages are provided to a^j^ist in ih© 
cooling required. In such cases the stroke in each 
cylinder except the last stage is a complete compression 
stroke, without any W 5 )rk of delivery being done, as each 
cylinder compresses its air into the volume fif the cylinder 
of the next stage. This will modify any calculation for 
the h.p. required for a multistage compressor. Since in 
an air compressor the back pressure on the piston is 
greatest at the end of its stroke, the compressor must* 
be kept in motion by other means than that of the prime 
^ mover, and so far this has been eifectcd by heavy fly- 
wheels an^ reciprocating parts. The efticiency of the 
compressor largely depends upon securing the largest 
possible mass of air in the first cylinder,, which should be 
at as low a^temperature as possible, as it is found that a 
difference of 6°F. bf the air at the intake secures a 
saving of 1 per cent. The inlet shoulcl have an area not 
less than 60 per cent, of the area of t^ air pi^on. 

Belt^ Conveyors. — TTie power required varies very 
much with the design, but the following formula may 
be taken as giving an average result: 


_ (0166 + 0 07Wi)V + AWa 
* 33,000 

where V=s^ed of belt in feet per •minute; 6= weight’’ 
of belt; ^=heigh^of elevation,in feet; Wi= maximum • 
^weight of material* on the belt^at any one time;, Wa = 
weight of material delivei^d per minute. 

* Beltjng.^ThP 4 )ow^r transmitfed by any belt : 


H.P. 


[T--t)v 
33, Coe?' 
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T=ten8ion in pcinds on pulling side; <=tensiQ.nin pounds 
on slack sides ; belt in feet pet minute.* • 

• Size of pulley' and area of contact 4)f b^lt have no^effect 
on the power IransmftAd; ^centrifugal force* redhces 
powei* by ^10 per cent, at 3,000 r.p.m, and 30 per cerffc. 
at*6;000 ixp.m. ; the arc of cohtact of belt ha» consider- 
able influence ; the greater the arc, the greater the power^ 
transmitted. 

A simple rule for bolts is that 1 loot per minute of belt 
speed per inc*h of width of belt is safely equal to the 
transmission of 1 watt of electrical energy; add 25 per 
cent, for light double bands and 60 per cent, for heavy 
double bands. This fixes a constant for working tensions 
•of 44*24 pounds pull per inch width of belt. The extra 
pul| on the tight side is obtained by dividing the total 
output in watjs by the velocity in feet per minute and^ 
multiplying by this number. ^ 

Rubber belts transmit 26 to 40 per cent, more power 
than leather for the same arc of contact, but should not 
be used for temperatures above 90° F. 


Shafting. — Fw ordinary light shafting carrying pulleys, 
H.P. =0*013 X » for shafts carrying gears, H.P.= 

0*01 X X IS*; for heavy shafting, H.P. =0*008 x x N 
where D = diameter of shaft in inches and N =^peed of 
shaft in r.p.m. 

For wrought-iton shafts, the diameter in inches at the 


• / H P \i 

bearings =*6 x • Distance between supports, wnen 


, no •power is taken 
•diameter in inches.* 
to i2 feet. 


off between, = 6 Vd% where d = 
In other cases the distance is from 


Maifl^mum safe loadsvin pounds .per square inch on 
ordinary bearings for shafting: Wrought •iron on cast 
iron = 260; wrbught€?on on gun-metak or^nijl^* steef 
on cas^ iron =• 300; mild steel on gun-metal =370; 
steel cftKgun-metal=«600; flywheel* shaft =260o 
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Refrigetfting Ittacliines!— ?6 h.p. •\|ill cool is, poo 
c]ibic« feet of *air* per hour; ^>20,006 |ubic feet of air * 
satusatei^. at 9p® Fl contains 42 pounas of wh-ter, ami 
at t50®F. contains 17 poundfef *The amount of cooling 
\^ater required for aifr-compressibn machines in ^allonf' 

per minute = Y^^^j^— — where H=heat to be withdrawn 

from the water, Ti and T2 inlet and outlet temperatures 
respectively. 


Low Boiling-Point laquids.- 


Boiling-Point. 

Melting-Point. 

- 38-5'’ C. 

- ll'U° C. 

-78*2°(\ i 

- 65-0“ C. 

- 19 5^’ (i • 

i - 141-6“ C, 

- 190“ 0. 

. .. 

- 195-5“ C. 

- 210-5“ C. 

182-7'^ C. 

- 227“ C. 

- 10“ V. 

76-1“ C. 


Anunonia . . * 

(Carbon dioxide 
Ethyl chlorido 
Liquid air 4. 
Nitrogen . . 
Oxygen . . 
Sulphur dioxide 


; Points of Common Salt $r&e. — 

SpecAfic Gravity at 

V 

P'reezinq- Pointy 

15“ 0. 

“ '(). 

1-0^ 

- 3-7 

1-073 

- 7-4 

MU 

- 11-0 

M50 

- 13-9 

1-191 

- 17-2 

Points of Calcium Chloride 6olutions< 

Specific Gravity at 

•pyeezing- Point, 

* 20“* a. 

° C. 

i-iao 

- 7-8 

1-126 

-10-8 

U160 

- 14-2 

l-W 

-18-9 

l;i20 

-24-> 


>30-8 

1-260 

-38-0 
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Freezing Miztiwc'*— 

Alcohol 77::Sinow 73|grve8 -30“ C. . 

Alftohol and-’COg solid gives - 72® 

Ammonium ^chloridt^ 3^: Water lOO^ives - 61* C. * 
Ammonium chloride 25: Snow 100 gives -- 15*5® C. 
’^Ammonium nitrate 100: Water >31 gives - 17*6® C. 

> CaC|g 2H2O 100: Sifow 70 gwes - 50° C. 

Chlorolorm and COg solid gives -77° C. 

Ether and COg solid gives - 100° C. 

SOg liquid and COg solid gives - 82° C. ^ 

66 per cent. H2SO4 100: Snow 1*0 gives - 37° C. 

Table Showing CaO in Milk of Lime at Varying Density 
(Mateczel) 




100 Litres. 



100 Litres. 

II 

Per Cent. 



e 1 

Per Cent. 






CaO. 

W eight 

CaO 

<^1 

CaO.% 

Weight 

CaO 



^ Kilos. 

Kilos. 

PQ 


Kilos. 

Kilos. 

10 

10-60 

125-9 

13-3 

38 

19-72 

149-8 

29-6 

11 

11-12 

127-4 

14-2 

39 

19-80 

149-9 

29-6 

12 

11-65 

129-2 

15-2 

40 

19-88 

149-9 

29-8 

13 

12-16 

130-8 

16-1 

41 

19-95 

150-0 

29-9 

14 

12-68 

132-6 

17-0 

42 

20-03 

d50-0 

30-1 

15 

13-20 

134-5 

18-0 

43 

20-10 

150-0 

30-2 

16 

13-72 

'*136-3 

18-9 

44 

20-16 

150-1* 

30-3 

17 

14-25 

14?fe-2 n 

19-8 

45 

20-22 

150-1 

30-4 

18 

14-77# 

139-9 

20-7 

46 

20-27 , 

150-1 

30-5 

19 

15-23 

141-7 

21-6 

47 

20-32 

150-2 

30-6 

20 

15-68 

143-6 

22-4 

48 

20-37 

156 -2, 

30-7 

21 

16-10 

145-1 

23-3 

49 

, 20-43 

150-3 

30-7 

22 

16-52 

146-2 

24-0 

50 

20-48 

150-3 

30-8 

23 

16-90 

• 146-9 

24-7 

51 

20-53 

150-3 

• 3(r-9 

24 

47-23 

147-4 

25-3 

52 

20-57 

l50-4c^ 

^uo 

25 

17>52 

147-8 

25-8 

53 

20-62 

150-4 

31-1 

2g 

i;7-78 

148-1 

26-3 

54 

20-66 

^50-4 

31-1 

2^ 

18-04 

148-4 

26-7 

55 

20-70 

150-5 

» 31-2 

28 

18-26 

44^6 

27-0 

56 

20-74 

» 150-5 

31-3 

29, 

18-46 

148-8 - 

27-4 

57 

20-78* 

150-5 

31-3 

30 

18-67 

149-0 

• 27-7 

58 

20-82 

150-5 

31-4 

31 

- 18-86 

149-1 

27-9 

59 

20-85 , 

150-6 

31-4 

32 

,19-02 

149-2 

•28-2 

60 

*20-89 

150-6 

31-61 

33 

i917 

149-3 

28-4*1 

61 

• 20-93 - 

• 150-6 

31-6 

34 

19-31 

,149-4 . 

%28-7 

62 

20-97 

/160-6 

31-6 

35 

19-43 

149-5 • 

28-9 

63 


Wfi • 

Jl-6 

36 

19»53 • 

149-6 

29-1 

64 

*^1-03 

150-7 

31-'> 

37 

• 19-63 

• 

149^^^ 1 

-_t 

29-^ 

65, 

. «»*05 

150-7 

^Jl-7 
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n^Begr^e Oelsius Degree BSaumu^ = 32 Degree Fahrenheit. 

n*Degree Reaumur =^I)egree OeUiua = 32 + ji Degree Fahrenhei/;. 
n De^ee Fahrenheit -5( w - 32^ Degr/e f elsius =| ^ (n - 32 ) Deg. R. , 


• 

c. 

B . 

• 

F . 

C . 

<* 

R . 

r - 

0. 

■ R . 

F . ' 

c . 

< 

R . . 


20 

-16 

-4 

20 

16 

68 

60 

48 

140 • 

100 

80 

212 

-19 

- 15*2 

#- 2*2 

21 

16*8 

69*8 

61 

48*8 

141*8 

101 

80*8 

213*8 

-18 

14-4 

- 0-4 

22 

17»8 

71*6 

62 

49*6 

143*6 

102 

81*6 

215*6 

-17 

- 13-6 

1-4 

23 

18*4 

73*4 

63 

50*4 

145*4 

' l 03 

82*4 

217*4 

- 16 

12-8 

3*2 

24 

19*2 

75*2 

64 

51*2 

147*2 

104 

83*2 

219*2 

-15 

-12 

5 

25 

20 

77 

65 

52 

149 

105 

84 

221 

-14 

- 11-2 

6-8 

26 

20*8 

78*8 

66 

52*8 

150*8 

106 

84*8 

222*8 

-13 

- 10*4 

8*6 

27 

21*6 

80*6 

67 

53*6 

152*6 

107 

85*6 

224*6 

-12 

- 9-6 

10*4 

28 

22*4 

82*4 

68 

54*4 

154*4 

108 

86*4 

226 * 4 ^ 

-11 

- 8-8 

12-2 

29 

23-2 

84*2 

69 

65'2 

156*2 

109 

87-2 

228-2 

- 10 

- 8 

14 t 

30 

24 

86 

70 

56 

158 

110 

88 

230 

- 9 

- 7-2 

15-8 

31 

24*8 

87*8 

71 

56*8 

159*8 

111 

88*8 

231*8 

- 8 

- 6-4 

17-6 

32 

25-6 

89*6 

72 

57*6 

lflL -8 

112 

89*6 

233*6 

- 7 

- 5 - 6 . 

19-4 

33 

126*4 

91*4 

73 

58*4 

1634 

113 

90*4 

235*4 

- 6 

- 4 - 8 '' 

21-2 

34 

27*2 

93*2 

74 

59*2 

165*2 

114 

91*2 

237*2 

_ 5 

- 4 

23 

35 

28 

95 

75 

60 

167 

115 

92 

239 

- 4 

- 3-2 

24-8 

36 

28-8 

96*8 

76 i 

60*8 

168*8 

116 

92*8 

240*8 

- 3 

- 2-4 

i 26-6 

37 

29*6 

98*6 

77 

61*6 

170*6 

117 

93*6 

242*6 

- 2 

- 1-6 

28*4 

38 

30*4 

100*4 

78 

62*4 

172*4 

118 

94*4 

244*4 

- 1 

0-8 

30-2 

39 

31*2 

102*2 

79 

63*2 

174 € 

119 

95*2 

246*2 

0 

a 

32 

40 

32 

104 

80 

lU 

1 % 

120 

96 

248 

1 

0-8 

3 i 3-8 

41 

32*8 

105*8 

81 

177*8 

*21 

96*8 

249*8 

2 

1-6 

35-6 

42 

33*6 

107*6 

82 

65*6 

179*6 

122 

97*6 

252*6 

3 

€ ?.’4 

37-4 

43 

34*4 

109*4 

83 

66*4 

181*4 

123 

98*4 

253*4 

4 

32 

39-2 

44 

:^*2 

111*2 

84 

67*2 

183*2 

124 

99*2 

255*2 

. 6 

4 

41 

45 

36 

113 

85 

68 

185 . 

125 

100 

257 

. 0 

‘ 4 -§ 

42-8 

46 

36*8 

114*8 

86 

68*8 

186*8 

126 

100*8 

258*8 


^ 6-6 

44*6 

47 

37*6 

116*6 

87 

69*6 

188*6 

127 , 

101*6 

260*6 

8 

6*4 

46*4 

48 

38*4 

118*4 

88 

70*4 

190*4 

128 

102*4 

262*4 

9 

. 7-2 

'482 

49 

39*2 

120*2 

89 

71*2 

192*2 

129 

103*2 

*464*2r. 

10 

8 

50 

50 

40 * 

122 

90 

72 

^94 

130 

104 

266 

11 

8-8 

61»8 

51 

40*8 

123*8 

91 

72*8 

195*8 

131 

104*8 

267*8 

12 

9-6 

53*6 

5 ^ 

41*6 

125*6 

92 

. 73*6 

197*6 

132 

105*6 

269*'6 

13 

10-4 

6 a *4 

53 

42*4 

127*4 

93 

74*4 

199*4 

133 

106*4 

271*4 

14 

11-2 

67*2 

54 

43*2 

129*2 

* 94 ' 

75*2 

201*2 

134 

107*2 

273*2 

15 

12 

59 

65 

4*4 

isft 

95 

76 

203 

135 

198 

275 - 


12-8 

► 60*8 

m 

44*8 

132*8 

96 

» 7#*8 

204 i 8 

136 

108*8 

276*8 

^7 

* t 3 - 6 < 

62 *tl 

57 

46*6 

134*6 

97 

77*6 

206*6 

137 

109*6 

278*6 

18 

14-4 

64*4 

68 

46*4 

136*4 

98 

78 * 4 , 

, 208*4 

il 3 » 

^ 11^*4 

280*4 

1 & 

15-2 

66*2 

— 

i 7»2 

138*2 

1 

99 

79 ^ 

210*2 

1 

4 

139 

1 * 1*2 

282*2 
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temperature, P^ti^siir^ and total Hbat of Steam, with 
Corresponding Vacijum, |edaced to a SO-ipch^Baimet^. 


ii‘ 

Absolute Pres- , 
s^r^ Pounds 
^per 

Square Inch. 

Tcuiperatufu 
Degrees F. 

Total Heaf 

H from 0^ 

1 

H- 

| S || 

|i 1 

P' 

h 



. 

It. 

If 

0 

14-7 

212 

1178-6 

24-4 

2-744 

138-2 

1160*^ 

1 

14-21 

210-4 

1178-2 

24-6 

2-646 


1165-8 

2 

13-72 

2()8-4 

1177-6 

24-6* 

2-648 

135-7 

1165-4 

3 

13-23 

206-9 

1177-1 

250 

2-450 

133-8 

1154-9 

4 

12-74 

204-9 

1176-5 

25-2 

2-362 

132-3 

1164-4 

5 

12-25 

203-0 

1175-9 

26-4 

2-264 

130-7 

1153-9 

6 

11-76 

201-0 

1175-3 

25-6 

2-166 

129-1 

1163-4 

7 

11-27 

198-7 

1174-6 

25-8 

2-068 

127-3 

1152-8 

8 

10-78 

196-8 

11741 

26-0 

1-960 

125-6 

1162-3 

9 

10-29 

194-4 

1173-4 

26-1 

1-911 

124-6 

1162-0 

10 

9-8 

192-5 

1172-7 

26-2 

1-862 

123-6 

1151-7 

10-5 

9-555 

191-3 

1172-4 

26-3 

1-813* 

122-7 

1161-4 

11 

9-31 

,190-0 

1172-0 

26-4 

1-764 

121-7 

1151-1, 

11-5 

9-065 

i 88-8 

1171-6 

26-5 

1-715 

120-7 

1150-8 

12 

8-82 

187-1 

1171-1 

26-6 

1-666 

11*9-7 

1160-6 

12-5 

8-575 

185-9 

1170-8 

26-7 

1-617 

118-6 

1160-2 

13 

8-33 

184-7 

1170-4 

26-8 

b 568 

117-5 

1149-8 

13-5 

8-085 

183-5 

1170-0 

26-9 

1-619 

116-4 

1149-6 

14 

7-84 

182-0 

1169-6 

27-0 

1-470 

>15-2 

1149-2 

14-5 

7-595 

180-6 

1169-1 

27-1 

1-421 

114-0 

1148-8 

15 

7-35 

■*179-1 

1168-7 

27-2 

1-372 

112-8 « 

1148-4 

15-5 

7-105 


*1168-2 

27-3 

1-323 

111-6 

1148-0 

16 

6-86, 

m -9 

1167-7 

27-4 

1-274 

^ 110-2 

1147-6 

16-5 

6-615 

174-4 

1167-2 

27-5 

1-225 

108-9 

1147-2 

17 

6-37 

172-8 

1166-7 

27-6 

1-176 

107*3 1 

1146-8 

17-5 

6-125 

171-0 

1166-2 

27-7 , 

. 1-127 

106-9 

1146-3 

18 

5-88 

169-3 

1165-7 

27-8 

1-078 

104-6 

1146-9 

18-5 

5-635 ' 

167-4 

1165-1 

27-9 

1-029 

103-1 

1146-4 

19 

•5-39 

165-6 

1164-5 

28-0 

0-980 i 

10^-3-- 

.444*9 

19-6 

5*145 

163-5 

1163-9 

28-1 

0-931 

99-6 

1144-4 


f 9 

161-5 

1163-3 

28-2 

0-882 

>97-7 

1143-8 

285 

4-655 

159-3 

1162-6 

28-3 

0-833 

96-1 

•1143-3 

21 

4-41 

< 4574 ! 

1162-0 

28-4 

0-784 

• 94-1 

1142-7 

21-5 

4-165 

155-7 

•1161-6 

28-6 

0-736* 

91-8 

1142-0 

22 

3-92 

152 2 

il 60-6 

28-6 

Q -686 

89-7 

1141-4 

22*2. 

3-822 

151-2 

1160-2 

28-7 

0.637 . 

87-4 

1140-6 

22-4 V 

3-724 

150-3 

1156-8 

28-8 

cO -588 

84-9 

1139-9 

22-6 

.3-626 

149-1 

1159-5, 

i 28-9 ^ 

0-639 

• 82-5 

1139-2 

22-8 

•3-528 

,148-0 

, 1169-2 

29-0 

0-490 

. J 9-3 

1138-^ 

23 Q 

3-43 

146-9 

' 1168-8 

29-1 

0-^4> 

76-1. 

•1/37*2 

23-2 

3«332, 

145-7 

1168-6 

29-2 

•.0-392 

72-3 

1136«1 

234; 

3-234 

144-5^ 

1168'! 

29-3 e 

, 5-943 

68-8 

IJ^pO 

23-6 

^3-136 

.143-3* 

1157-7 

29-4 

0-294 

64-2 

1133-6 i 

23-^ 

3-038 4 

142-1 

1157-% 

29-6 

0^46 

, 69 o 6 

1132-2 

240 

2-94 

140-8 

1167-0 

29-0 

0^96 

63-3. 

1180-3 

24*2 

2^42 

.1390 

• ll |6-6 

29-*7 

0-147 

a 

46;6 

1127*9 
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Specific GI&T^ti^s of Soda Solafiqas at iS C., vrith Beaume 
‘'Dc^e and Percentages of and Crlirstallized Soda.^ 


O . r 

Specific 

Gravity. 

Beaume 

Degree. 

bZ. * 

Gryst. Sqda 
10 Aq. 

1 Cubic Me 
*conU, 
Dry Soda 
{Kilos). 

It 

tre i^dlution 
ins — ^ 
Cryst. Soda 
(Kilos). 

1*007 

‘ 1 

0*87 

1*807 

6*8 

18*2 

1*014 

2 

1*33 

3*587 

13^ 

36*4 

1*022 

3 

209 

5*637 

21*4 

57*C 

1*029 

4 

2*76 

7*444 

28*4 

76*6 

1*036 

5 

3*43 

9*251 

35*5 

95*8 

1*045 

6 

4*29 

11*570 

44*8 

120*9 

1*052 

7 

4*94 

13*323 

52*0 

140*2 

1*060 

8 

5*71 

15*400 

60*5 

163*2 

1*067 

9 

6*37 

17*180 

68*0 

183*3 

1*075 


7*12 

19*203 

76*5 

206*4 

1*083 

11 

7*88 

21*252 

85*3 

230*2 

1*091 

12 

8*62 

23*248 

94*0 

253*6 

MOO 

13 

9*43 

25*432 

lb3*7 

I 279*8 

1*108 

* 14 

10*19 

27*482 

112*9 

304*5 

1*116 

15 

10*95 

29*532 

122*2 

329*6 

1*125 

16 

11*81 

31*851 

132*9 

358*3 

M34 

17 

12*61 

! 34*009 

143*0 

385*7 

M42 

•^18 

13*16 i 

1 35*493 

150%3 

405*3 

1*152 

19 

14*24 

38*405 

« 

l^Vl 

f j 

442*4 


Liquids- 


4 


Substance. 

Specific 

Gravity 

(Waters 

1*00). 

Density 
in Bounds 
per 
Cubic 
Foot. 

Specific 
Heat 
{Water ^ 
1*00). . 

© 

Boiling- 
* Point tn 
Degrees 
Gen^. 

Alcohol 

0*791 

id 

0*673 

•78 • 

Benzine . . . 

0*85 

53 

0*395 

— 

^Ether . . ‘ . . 

0*723 

‘ 45 

. 0*516 

® 35 

Mercury ... 
j Turpentine (oil of ). . 
Wateifc (alinfttft 
. ing) f. ‘ 

i a • 

. *~3U r 

13*596 • 

848 

0*033 

‘ 357 

0*865 

|4 

0*463 

160 e 

• 0*958 

% 

- , .... 

60 

1<113 „ 

100 

© 
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"i; 

S^bst^nce. , 

Spetifts. 

Gravity 

[Waters 

1*00). 

i 

Density 
in Pounds 
pen* 
^jubic 
Foot. 

Heat 

(Water 

1-00). 

• Inciting- 
Point in^ 
Degreeif 
Oent. 

• 

Aluminium (cast) . . 

2-6 

162 

0-212 

625 

Antimony . . 

6-7 


006 1* 

436 

Arsenic . . ^ . . 

6-9 

36% 

0-081 

— 

Bismuth 

9*82 

613 

0-031 

260 

Brass 

8-4 

625 

0-094 

900 

Cadmium . . 

8-6 

639 

0-057 

320 

Charcoal 

0-36 

22 

0-241 

— 

Coal (anthracite) . . 

1*43 

89 

0-241 

— 

Cobalt 

8-5 

530 

0-161 

1500 

Coke 

10 

62 

0-203 

- ■ 

Copper 

8*8 

660 

0-092 

1090 

Fluorspar . . 

315 

196 


900 

Glass . . 6 . . 

2-89 

181 

0-198 

1100 

Gold 

19-3 

1200 

0-032 

1050 

Icc(atO®C.) 

0-92 

57 

0-604'^ 

0 

Iridium 

22-4 

1400 

0033 

1960 

Iron (cast) . . 

7*2 

451 

0-130 

1100 

Iron (wrought) 

7*7 

485 

0-114 

1600 

Lead 

1L4 

710 

0-031® 

326 

Limestone . . ^ . 

316 

197 

0-217 

. — 

Magnesium . . * . , 

1-74 

109 

0-260 

• 500 

Manganese . . ?. 

• 3 8-0 

499 

0-122 

, — ' 

Nickel . 

® 8-7 

642 

0-li)7 

1600 

Oak V 

0-86 

54 

0-67 


Palladium . , 

11-4 

710 

0-069 ^ 

^ • 1600 

Pine.. 

0-66 


0-65 

— 

Platinum . . 

21*6 

1340 

0-032 

1776 

Silver . . * . . 

10-5 

653 

0-056 

«60 

Steel • . . 

7*86 

490 

0-116 • 

^600 

Sulphur • . . 

2-07 

127 

0-203 

115 

Thj^lium« . . 

11-8 

736 

0-03i 

290 

Tirf 

7*3 

466 

0-066 

•230 

• Zinc.. •..! 

• 

► 7-12 

• 

445 

0-095 

• 

415 


INDEX 


Absorption systoin of oold storage, 
^-209 
Acid egg, 2364 

— retort, nitric, 169 « I 

Aerial wire ropeways, single wiie, i 

213 

double wire, 216 

Air circulation system of cold 
storage, 209 
Air compression, 267 

— drying, 103 

— lift system, 237 

— separators, 49 

gravity leg, fO 

“ Stag,” 61 

^ Ammonia compressor, 206 
Apron conveyor, 229 
Armoured ceratherm pumps, 241 
Aspinall evaporating pan, 125 
“ Atlas” pebble grinding mill, 31 

B 

Bag filter, 70 
Ball milf, 29 

Bearing for centrifugal spindle, 86 
Belt conveyor, ^26 

power for, 260 

Bolting,^26ti 
Blower, rodJary, 249 
Boiler, corrosion, 180 
— ^foaming, 181 

Brine-\)iP® sytem, 208 

BltcteefTionveyor, 229 

” Weston ” centrifugal, 84 

Buhrstone miUr, 24 
By-pr6duct coke oven retort,^ 169 

U 

Calciner, rotary, 169 
Can ice system, 206 * 

•Cane- juice subsider, 57 
CaO in milk of lime, 263 
« Carbon dioxide compressor, 200 
Cas#>ir6n«pal^cCnaf 1119 
Cell ice system, 208 * • 

Centi'al screw closing oftfilter press, • 

* • 

Oentriftigal^ machines, 84 ^ 

• * ^268 


Centrifugal maciimes; basket tor, 84 

basket linings, 86 

bearings *ror spindle, 86 

electric-driven, 90 

friction pulley for, 90 

interlookii;^ gear, 96 

‘‘ Weston” type, 84 

dressing, 44 

Centrifugal pumps, 239 
Ceratherm ware, 236 
Chamber kiln, 167 
Chamber press, 76 
Chaser, 10 

Climbing film vacuum pan, 135 
Coal-gas retorts, 160 
Coffey still, 150 
Cold storage sjfetom: 

air circulation, 209 

brine pipe, 208 

direct expansion, 209 

Column still, 145 
Combination tube mill, 37 
Comparison of thermometer scales, 
264 

Compression (#air, 257 
Compfesso#^-. 

— ammtnia, 205 

— carbon dioxide? 206 

— oxygen, etc., 253 
Cone paint mill, 66 

Continuous cone vacuum dryer, 116 
Continuous still, 147 
Continuous wafer-softening plant, 
cylindrical, 188 « 

rectangular, 186 

Control of temperature. 194 

of dye vessel, 20o 

of eas ip'oducer, 201 

» of jlkcketed pan, 199 

of spinning rooms, 202 

— -1- of still, 198 
•Control steam valve, 194 
Conveying gases; 

blowers, 249 

— /-^himney^, 246 

^compressors, 249 

fans, 247 

— liquid : 

slbid eM, 236 

pipes, 231^ 
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. i 

>)hveymg liquids : 

r Pohl4 system, 2371 

-- solids: % 

buokej^ elevators, 217 

-IN — runways, 212 

tipping waggonsi 212 , 

vieelbarrows, 211 

— — wi*ie ropeway^ 213 
Jon^fe^^rs: ^ 

— apron, 229* 

— belt, 226 

— bucket, 229 

— soraper, 223 

— shaking, 231 

— worm, 222 ^ 

Corrosion of boilers, 180 
Cracker, 10 

Crusher, tine rotary, 10 

— jaw-, 1 
Crushing rolls, 5 

high speed, 6 

tine, 8 

Crutcher, 68 

1) 

Direct heat evaporators, 118 
Discharge valve, Lavisen-Hjort, 188 
Disintegrators, 14 

— sifter for, 18 

— tixing of, 20 

Distillation of liquid mixtures, 256 
Double mixer for semi-liquids, 66 
“ Dowson ” gas producers: 

pressure, 161 

— — . — suction, 16C* 

bituminous, 1>C3 ^ 

Drag conveyor, 223 o 
Dresser, powder;^44 

Dressing machine, centrifugal, 47 
Dryer, mixer, and ball mill, 115 
Dryers, non-vacuum: 

combination, 101 

“Firman,” 1^’ 

“ Horsey,” 101 

rotary ,®99 

^ Sturtevant, 107 

— vacuum: 

continuous ooim, 115 

* drum, 112 ® 

• ®‘ Johnstone," 114 ^ 

rotary, 114 

shelf, 109 

— ' . ® i 

Edge runner mill, l<y ‘J 

granite, 13 

12 ‘j u 

2 pierhead-driven, 1^ 

Eleotri^ control, “Isothermal," 197 


Bleotro-magnetio separating ma- 
chines, 62 ^ 

Elevating liquids: 

acid egg, 236 

Poy^ system, 237, 

Etevators, 217 • ■ 

Evaporating pan, “ Aspihall,” 124 ^ 

open typo, 121 » 

Wetzel,” 126 . 

Evaporators, 118 
— direct heat, 119 
Extraction plant, 162 


Fans: 

— mixed flow, “Rateau," 248 

— radial, 248 
Filter, bag, 70 
Filter press: 

frame t3^e, 72 

plates for, 74 

recess^ type, 75 

olips.for, 78 

double cloth system, 79 

plates, 79 

methods of closing, 79 

central soi:»w, 81 

hydraulic, 81 

pneumatic, 81 

rack and ]pinion, 81 

methods of feeing, 82 

“ Firman ” dryer, ICO 
Flight conveyor, 223 
Flue heater, 98 
Freezing-point of brine, ^62 
CaCl2,262 0 

— mixtures, 263 

Friction pulley for contf^i^als, IK) 
Furnaces: 

— “Ha?ri8," 171 
shafts for, 172 

— “ H. H.” mechanical, 128 

— muffle, 169 

— regenerative, 170 

— reverberatory, ll’l 

— roasting, 171 ^ 


G 

Gas comprei8ors,^64 
— oonvejpance, 246 
) — retorts, coal, IfjO 

“ Dowson ” oituminous, 163 

preg^q5p» W 

auction, 163® 

hydrogel, 166 

Gas vdlTjesj Iiwthermal,” 20*^-^^ 
Grainer, 121 * 
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Grasshopper conveyor, 284 
Grizzly, 40 ' 

t t ‘ 

i 

. . H 

Han^'drivin portable so^en, 42 * 
]^arris roasting furnace, 171 

-4 shaft, 172 

Heater, flue, 98 i 

“Hersey” dryer, 101 
H. H.” mechanical roasting fur- 
, /8 

Lorizontal 65 

of fi 

Lane process, 166 


'Vivace, 178 

Horizontal „„ 

Hydraulic closing of filter pre^s, 81 
Hydrogen retorts. La 


Ice making: 

can ice, 206 

cell ice, 208 

plate ice, 208 

Interlocking gear for centrifugals, 96 
Intermittent water-softoning plant, 
184 

^Ironao, 231 
“ Isothermal ” : 

— control appi^ratus, 197 

— gas valve, 203 

— steam valve, 195 

— superheated steam valve, 199 

— thormomete^. 196 

^ J 

Jaw- crusher, 1 
Jet condeni^r, 13^ 

“Johnstone” dryer, 114 

K 

“I^stner” evaporators: 

olimbinv fflm, 135 

— t-ijHtiig film, 137 

quadruple effect, 139 

salting tyf)e, 139 

Kilns: • 

— chamber, 167 * 

— lime, 167 

— rotary, 168 


Lane hydrogen rdtorts, 166 * 
Lassen- Hjort w^^r plant: 

*~oy]indpoa2,49ll 

rectangular, V85 / 

Levigating mill, 66 « * « 

Lightfoot federation 83 rstem, 204 


Lime kiln, 1^7 

lime-soda water softening plant: 

— ^continuous, 186 

inter mittentr, 184 # 

Liquid mixtives, distillation, 266 
‘fimfiigs for ‘^'Weston” basket, 85 
Low boiling-point liquids, ^2 
Lubricating oil SiiUl, kS8 

M 

Machines: 

— centrifugal, ^4 
dressing, 44 

— crutohing, 68 

— electro-magnelti} separating, 62 

— mixing, 61 

— vibration, 45 
Magnetic pulley, 55 

Measuring apparatus, Lassen-Hjort, 
185 

Mechanical raker, 225 
Methods of closing filter press, 81 

— feeding filter press, 82 
Milk of lime, 263 

Mill: 

— ball, 29 

— Buhrstone, 24 

— combination tube, 37 

— cone paint, 65 

— edge runner, 10 

granite, 13 

iron, 12 , 

,6^ 

en, 14 


— ovorhead-i_ 

— pebl le, 3f • 

— pug, 6« 

— putty, 62 

— roller, 27 

— triple roller, 28 

— tulto, 34 

— vertical runner, 26 
Mixer: 

— double, 67 

— horizontal, 66 

— open drum, 67 

— undorgeared, 68 
Mixing ma 9 hintTy, 61 
Muffle furnace, 169 

Multiple effect vacuum pan, 1^3 
“ Multiplex ” evaporator, 141 
• • 

N 

“ Neyaygo ” screen, 49 
Nitric icid retdk, 159 


Open drffm mixer, 67 
evaporating pi^, Izl 
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Paint mill, 65 
Pans: 

— “AspinalL” 126 

— steam- ja^etod, 122 

— vacuum, 126 rt 

— “Wftzel,” 126 

Pebble miU, 31 

Permu^jt, l^lr 
Petroleum stifls, 154 
Plant; 

— extraotion, 152 • 

— levigating, 61 

— lime-soda, Q(^tinuous, 185 
intermittent. j^l84 

Lassen- Hjort, oylindrical, 

190 

rectangular, 185 

— Permutit, 1^ 

Plate ice system, 208 
Pohl6 air system, 237 

• Portable hand-driven screen, 42 
Pot still, 159 
Powder dresser, 44 
Pre.'js tutor, 71 

chamber, 75 • 

— — frame, 72 

plates, 74 

recessed typo, 77 

clips, 78 

double cloth system, 78 

"plates, 79 

methods, of closing: 

central tprow, 81 

hydraulic^#! 

pneumatic, 81^ 

racl^and pinion, 81 

methods of feeding, 82 

Pug mill, 64 
Pulley, magnetic, 56 
Pumps, acid, centrifugal, 239 
— - — plunger, 23^ 

. — vaouu|0i, Gaode, 266 

Langmuir, 266 

mercury, 266 

I — Siemftis oil, 256 

Putty mill, 62 


Quadruj)le efifect evaporator, 139 


Raok and pinion Slosing H'hlter 
press, 81 ^ , 

Reotaniftlar waWr-softedhg planti^ 
186 

Reqjiifji^still, 147* 


Reels, siftftig, 43 
Eefrigerating maohin#s, 203, 262 

ammonia, 204 . 

absorption system, 209 

oarVon dioxide, 2#6 • 

R^eneratife f^acos, 1>1 «• 

Retorts: • 

— by-product coke-ovens, 169 
—^coal-gas, 160 ■ 

— “ Dowson ” bitumiilbus, 163 

pressure, 161 

suction, 163 , 

— hydrogen, 166 ^ 

— nitric acid, 169 
Reveroeratory furnaces, 190 
Roasting furnace, 171 
Roller mills, 27 

triple, 28 

Rolls, crushing, 5 

— fine, 8 

— high-speed, 6 
Rotary blower, 249 

— caloiner, 169 

— fine crusher, U) 

— vacuum dryer, 1 14 
Runway for mine, 212 

S ^ 

Salting type evaporator, 139 
Scraper conveyor, 223 
Screen, “ Newaygo,’’ 49 

— portable hand- driven, 42 
Self-recording hygrometer^l04 

chart., 106 ^ 

.Separation by water, 56 
Separators, air, 49 

— electro- magnetic, 63 

— gravity leg, 6 ) 

— “ Stag,” 6 
Settlin^tank, 67 
Shafting, 261 

Shafts for roasting fur^acr 
Shaking sifters, 47 
"Sifters for disintegrators, 18 
Sifting reels, 43 
Slat gonveyor, 229 ‘ 

Soap orutcher, 68 • 

Softening of water, 183 

plai^jt, continuous, 186 

irtbermVitont, 184 

j •lime-so^, 1^ , * 

b -a. Lassen-Iliort, cylindrical, 

^ 190 

di«(;hafr^ valyee 188 * 

» — measuruft •IpparatM, 

186 , 

.•_{> reotanguj[ar, 186 1 

Permufit^ 
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Spindle, oentrifugal bearing^ 86 ^ 

*‘Sfcag»» ball 1^111,33 
St^Amps, 38 f e 
Snam-jikoketed kettle, 123 

— pai\^, 122 t 

— temperature, piesfiure^, and totkl 

^ heat, 265 f 

~T valve, “ Isothermal,” 196^ 

StiU: 


- Coffey, IflO 

— oolumn, 146 
^;^oontinuou8, 147 

— lubricating ml, 168 

— petroleum, itA 

— pot, 169 

— rectifying, 147 

— tar, 168 

“ Sturtevant,” drying system, 103 

— hygrometer, 104 
guide chart, 104 

— triple duct dryer, 107 
Superheated steam valve, 190 
Surface condenser, 133 
Synchronous speeds for centrifugals, 

86 

T 

Tables: 

— common liquids, 266 
solids, 267 

— comparison of thermometer 
scales, 264 

— specific gravity of soda solutions, 
266 

— total ^at of steam, 266 
Tantiron, 233 

— pumps, ^^8 
Tar stills, 168 c 
Thermometer, “Isothermal,” 196 
Three-war' Jiip, 247 

Throw-orf carriage, 226 
Tilting kettle, 123 
Tipping waggons, end, 211 

Trfple^et dryer, 107 

— roller mill, 28 
Trommel, 40 /' 

Tube ^Us, 34' 

Typical guide chart^^ 106 

U 

Undergeared mixerf 68 * < 

•t* Universal” cone mill, 66' . 
c 

^ ( y 

Vaoffnnfdjyer?^: ‘ t * 

-r — continuous oone,rll^ ' 


Vacuum dryers: 

^ “ JohfiStone,” 114 

— 1 ^ mixp: and ball mill, 116 

rotary, 114 

shelf, 109 

f' 

cast-iron calandria, 1^9^ 

copper, 12? ^ 

r jet condenser, etc., 13P • 

“Kestner” climbing film, 136 

falling film, 137 

quadruple effect, 139 

luting type, 139 

multiple effect, 133 

“Multiploj^’ 141 

Torricellian condenser, etc., 

130 

— pumps, diffusion, 265 
dry, 130 

Gaede, 265 

Langmuir, 255 

Siemens oil, 256 

wet, 130 

Valve, “ Isothermal ” gas, 203 

steam, 195 

8uporheat«d steam, 199 

Vertical runne'f mill, 20 
Vibration machines, 45 
Vitreon ware, 236 
Vitreosate, 236 
Vitreosil, 235 

W 

Warm air dryi|l|E 5 , 103 
Water f^paiW ion, 66 

— softenlig plant^ 

discharge valve, 188 

Lassen-Hjort, cylindrical, 

188 

lime-soda, continuous, 185 

ii^rmittent, 184 

measuring apparatus, 186 

Permutit, 1^ ' 

rectangular, 186 

— treatment, 179 , » 

chemistry of process, 183‘ 

impimtien, 181 

“ Weston ’^centrifugals, 84 

basket, 84 

basket linings, 84 

- 5 - electric-driven, 91 

friction j^uUey, 90 ' 

; interloo^g gear, , 

«*i^indle bc^s^g, 86 

water-driven, 91 

“ Wetzel 7, ^jvaporrting^paq- 126 
Worm oomiyor, 222 
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